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ABSTRACT 32830.
An anslysis has been developed for determining the dynemic
response of airplanes to runway unevenness during take-off or
landing and has been programmed for numericel solution on an
IBM TO90 dlgital computer. This analysis permits the inclusion
of the landing gear non-linear characteristics and the flexural
mode characteristics of the free-free sirframe. To test the
practicability of the analysis the dynamic response of the Boeing
733-94 (SCAT) supersonic airplane and the Boeing 70T airplane on
Runway 12, Langley Field, and on Runway 28R, San Francisco Inter-
national Airport was determined. The mmericel results are pre-
sented in graphical form and their significant characteristics

are discussed.

In addition statistical methods of analysis of certain
non-linear systems which may be applicable in determining the

dynamic response of airplanes to runway unevenness of the sta-
tionary type are also included in this report. L '
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NOMENCLATURE

Aa pneumatic cross sectional area of landing gear system

Ah hydraulic area of landing gear system

An net orifice area of landing gear system

Cd coefficient of discharge in landing gear system

¢ demping coefficient of two-mass system (see Fig. 27)

cJ damping coefficients in each of the flexural modes

7 elements of the damping matrix in Eq. (20)

D a function of strut stroke associated with damping force in
landing gear system

e error function

Fd nonlinear demping force in landing gear system

Fi Coulomb friction force in landing gear system

Fi limiting Coulomb friction force in landing gear system

Fn(t) quantity defined by Eq. (102)

Fs nonlinear spring force of landing gear system

?s static value of nonlinear spring force in landing gear system

Ft interacting force between runway surface and wheel

£(t) forcing function

G quantity associated with damping force in landing gear system

Gn(t) quantity defined by Eq. (109)

g gravitational acceleration

glx,x) a nonlinear function

n(s) runway elevation

h(t) unit impulse response

J rigid body rotary mament of inertia about the center of gravity of
airplane

KiJ elements of the stiffness matrix in Egq. (20)
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NOMENCLATURE {Cont'd)

stiffness of tire springs

stiffness of springs (see Fig. 27)

coefficients of piece-wise linearized spring force of landing gear
system

aerodynamic 1lift forces at the wings and the canard, respectively

coefficients defined by Eg. (3)

horizontal distance between the position of the pilot and the
center of gravity of airplane

masses of the main and nose tire-landing gear systems, respectively

generalized masses of rigid body translational and rotational modes,
respectively

generalized mass of flexural mode; Jj=5,6----N

masses of two-mass systems (see Fig. 27)

total number of degrees of freedom of the system

number of flexural modes considered

points of attachment of the main and nose landing gears, respectively

generalized forcing functions of rigid body translational and
rotational modes, respectively

generalized forcing function of flexural mode; j=5,6----N

air density

probability density function

air pressure in upper chamber for fully extended struts of landing
gear systen

interacting force between airframe and landing gear system

static value of Q

autocorrelation function

quantity defined by Eq. (101)
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NOMENCLATURE (Cont'd)

power spectral density function of forcing function

f

Sl’S2 plan form areas of the wings and canard, respectively

5 horizontal distance along runway

8,15, strut strokes of the main and nose lending gear systems, respectively

t time

Ul’U2 displacements of the points of attachment of the main and nose
landing gears on the airframe, respectively

V0 chamber air volume for fully extended strut of landing gear system

v speed of airplane

W gross weight of airplane

wl,w2 welghts of the main and nose landing gear systems, respectively

w total vertical displacement of any point on the airframe

Xl,X2 displacements of main and nose wheel masses, respectively

21’22 static displacements of main and nose vwheel masses, respectively

X3,Xh generalized coordinates of the rigid body translational and
rotational modes, respectively

Xj generalized coordinate of flexural mode; j=5,6----N

b'e reference axis; displacement

%o solution of Eq. (46) when k=0

X5 ith perturbation; ith element of vector {x}

Yy reference axis

vy ith element of vector {&}

zg ith element of vector {%}

o eigenvalue

all’ale’ael’azz aerodynamic 1lift coefficients

g damping coefficient per unit mass

viii



NOMENCLATURE (Cont'd)

Beq equivalent linear demping coefficient per unit mass
y damping coefficient
At time increment used in numerical procedure
,52 static shortening of main and nose landing gears, respectively
A(s) runway elevation (see Fig. 27)
sij Kronecker Delta function
8(t) Dirac Delta function
€ mass ratio defined by Eq. (128)
t quentity defined by Eq. (128)
7 quantity defined by Eq. (128)
61,62 angles of attack at the wings and the canard, respectively
A structural damping coefficilent
K perturbation parameter
§n generalized coordinate of multi-degree of freedom system
p mass density of hydraulic fluid in landing gear system
o standard deviation
¢3(x,y),¢h(x,y) mode shapes of rigid body translation and rotation

respectively

¢J(x,y) flexural mode shapes; j=5,6----N

¢i,¢g values of mode shapes at polnts of attachment of the main and nose
landing gears on the airfreme, respectively; j=5,6----N

¢§,oﬁ values of mode shapes at the aerodynamic centers on the wings and
the canard, respectively; j=5,6----N

¢g value of mode shape at pilot location; j=5,6----N

¥(As) autocorrelation function of runway profile

¥(0) mean square value of runway profile

Wy frequency of damped system

ix



NOMENCLATURE (Cont'd)

frequency of undamped system
quentities defined by Eq. (128)
flexural modal frequency

equivalent linear stiffness coefficient per unit mass

vector defined by Eq. (25)

vector defined by Eg. (25)

demping matrix of the linearized equations of motion of airplane

damping matrix of multi-degree of freedom system

vector defined by Eq. (79)

forcing function vector

& nonlinear function

identity matrix

stiffness matrix of the linearized equations of motion of airplene;
matrix defined by Eq. (81)

stiffness matrix of multi-degree of freedom system

mass matrix of the linearized equations of motion of airplane

mass matrix of multi-degree of freedom system

vector defined by Eq. (78)

matrix defined by Eq. (80)

forcing function vector of the linearlzed equations of motion of

alrplane
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matrix defined by Eq. (24)

matrix defined by Eq. (86)

displacement vector of the linearized equations of motion of airplane

solution of Eq. (71) when k=0

first perturbation vector

displacement vector

elgenvector

quantity associated with eigenvector
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I  INTRODUCTION

The effects of runway unevenness on the design and operation of airplanes has
been subject to scrutiny for a number of years. The National Aeronautics and Space
Administration recognized this problem at ite start and has devoted considerable
attention to it.*

Although in the literature the term "runway roughness" is used, it is preferred
herein to refer to this characteristic as "runway unevenness' since it 1s the longer
wvave length variations in the longitudinal profile of the order of 50 to 100 feet
that are significant and not the shorter wave length variations. Thus, changes in
runway profiles due to intersections, unequal settlements, etc. could possibly re-
sult in unevenness detrimental to airplane operation. It was the primary objective
of this investigation to study the dynamic response of airplanes resulting from this
type of unevenness. To carry out this objective an analytical method was developed
which would yield (1) the dynamic loads induced in the airframe and landing gear sys-
tems, and (2) the vertical accelerations experienced at the pilot's position, &s the
airplane accelerates or decelerates on the runway during take-off or landing. It 1is
important to have this information, particularly for the supcrsonic transport since
it must be designed to operate at airports now being served by large supersonic Jets.

Two generel methods of analysis have been considered in this investigation, i.e.
deterministic and statistical (power spectral). The statistical approach is easily
applied if the runway unevenness 1s of the stationary type and if the airplane has
linear response characteristics. However, since the response characteristics of the
airplane are non-linear, this approach has been difficult to apply regardless of the
type of unevenness considered. In any case this approach does not apply when con-
sidering such discrete conditions as the unevenness present at most runwey inter-
sections. To properly conslder these conditions one must use a deterministic

approach.
*See bibliography



The deterministic epproach described in this report is a numerical step-by-
step epproach which makes use of the digital camputer. This method of analysis
was selected because of the highly non-linear characteristics of the landing
gear systems. The landing gear spring is highly non-linear over large displace-
ments and the damping present usually consists of both Coulomb damping and non-
linear viscous damping. To properly include these non-linear effects, one must
solve the non-linear differential equations of motion.

Thus the deterministic analysis, in brief, consists of (1) setting up the
coupled differential equations of motion of the airplane which govern the response,
(2) determining the forcing functions to be introduced into these equetions which
are directly related to the profile of the runway and to the time history of the
airplane velocity during take-off or landing, end (3) solving these differential
equations of motion numerically on a digital camputer. Ten coupled differential
equations of motion were solved in the investigation reported herein. This number
of equations provided for two rigid body modes (1.e. vertical translation and
pitching of the airplane), six symmetrical flexible modes of the free-free eir-
frame, and an additional degree of freedom which is present in each of the two
landing gear systems. These ten equations were put in difference form and coded
for solution on the IBMM T090 coamputer; thus s Yielding numerical solutions for
the following parameters at any point along the runway as the airplane sccelerates
or decelerates quring take-off or landing:

1. Vertical displacements of nose-gear and main-gear wheels

2. Forces on the runwey pavement exerted by the nose-gear and main- gear

3. Vertical displacement at pilot's position

L,  Vertical acceleration at pilot's position

5. Vertical translation of the airplané center of gravity



6. Pitching (rotetion) of the airplane sbout the center of gravity

T. Generalized coordinates of each flexible mode.

In order to test the validity of the deterministic apprbach, Boeing and
Lockheed furnished the structural characteristics for their supersonic trensport
design (SCAT) developed for the National Aeronautics and Space Administration.
In addition, Boeing furnished similar information for the Boeing 707 airplane.
Because of the limited time available for this study only the Boeing data
(707 and 733-94) were used in the analysis.

The dynamic response of the subsonic TO7 and the supersonic T733-94% airplanes
was determined using Runway 12 at Langley Fileld, Virginia, and Runway 2iR, San
Francisco International Airport, as input profile data. Using the Langley Field
data, the response of each airplane was determined for a constant velocity of
100 ft/sec. (59 knots). Using the San Francisco Internationsl Airport data,
the TO7 airplane was accelerated fram zero velocity at an assumed rate of 5.36
ft/sec2 and the T33-9% airplane was accelerated from zero velocity at an assumed
rate of 6.0 ft/sece.

Although the statistical or power spectral approach cannot properly reflect
the effect of discrete runway unevenness such as occur at runwey intersections
or at points of excessive settlement, it may be very useful when considering
fatigue effects within the landing gear systems. The application of this
approach to non-linear systems is normally very difficult. However, an attempt
has been made in this report to show how this approach might be applied to
non-linear systems. Further investigation is needed to verify the validity of

thils method.



II DETERMINISTIC APPROACH

General

As previously mentioned a rational design of an airplane operating on run-
ways should take into consideration both the effects of discrete runway bumps
as well as the effects of the more stationary type of runway unevenness. A
single discrete runway bump of relatively long wave length (50 = 100 £t) could
possibly create large dynmamic loads and vertical accelerations at the location
of the pilot. Because of the discrete character of this problem, it is
necessary that time histories of the transient dynemic response be determined
using airplanes having known structural characteristics and using various
types of bumps as the excitation. Since this problem is a deterministic one,
it can be solved rapidly using a digital computer and the numerical procedures

set forth in the following sections of this report.

Idealization of Aircraft

Fig. 1 shows diagrammaticelly the idealized representation of the air-
frame-landing gear systems used in this investigetion. 1In the analysis it
is assumed that the profile elevatioh of the runway, &s measured from an
arbitrary horizontal datum plane and designated by h is constant across the
width of the runway; thus, the dynsmic response is symmetrical about the
longitudinal axis of the aircraft. The quantities W and J as shown in Fig. 1
represent respectively the total weight of the airplene and its rotary moment
of inertia with respect to a transverse axis through its center of gravity
(C.G.). The airframe, instead of being considered as a rigid body, is treated

as a flexible systenm.



For smaller aircraft, a rigid body representation of the airframe is
usually sufficient; however, for large supersonic transports the landing gear
attachment points experience such large vertical displacements relative to the
nodal points of the flexible airframe that the interaction effects between the
deformations of the airframe and the landing gear systems must be taken into
accounf.

The landing gear systems are considered to be the standard conventional
oleo-pneumatic shock strut type (19 ). The dynamic analysis as used in this
investigation therefore takes into account the forces due to the hydraulic
resistance of the orifice, the forces due to air compression, and the forces
due to internal friction in the shock strut. These forces can be represented
as shown in Fig. 1 by a nonlinear dashpot, nonlinear spring and a Coulomb
frictional device respectively. The tire force-deflection relationship is
essentially linear so that a linear spring can be used to represent it. Damping
or hysteresis effects in the tire are sufficiently small so that they can be
neglected. Each of the two lower masses, as represented by weights Wl and W2
in Fig. 1 represent the wheel masses plus an effective mass of the landing

gear system in each case.

Equations of Motion of the Free-Free Airframe

The free-free airframe is considered as a two dimensional elastic system
as illustrated in Fig. 2a. The forces acting on the airframe consist of
the concentrated landing gear forces QL and Q2 and the serodynamic 1ifts Ll
and L2 passing through their respective aerodynamic centers (a.c.)l and
(a.c.)2. The aerodynamic forces as presented here represent those forces on
a delta wing type aircraft which has a forward canard ljifting surface. These

aerodynamic 1ift forces may be expressed as follows:



2
Ly = (L +L0)) v (1)

o]
Ly = (Ly; + Lyo8,) v (2)
where
1
Ly = %y (5e8;)
180, ,1
Lip = %, (F7) (5pS))
Lyy = % (568;)
180, ,1
= —_— b~ S
Lo = Oy (T (30S5)
and where
v is the speed of the airplare,
91, 92 are the angles of attack on the wings and the canard, respectively,
all’ a12’ ael’ a22 are the aerodynamic 1lift coefficients,
) is the density of the air
Sl’ 82 are the plar form areas of the wings and the canard, respectively .

The equations of motion for the airframe are formulated in terms of the
normal flexible modes of the free, unrestrained airframe and the two rigid
body modes, namely, vertical translation and pitch. In the analysis only &
finite number Nl of the flexible normal modes need be considered.

A set of reference axes (x, y) as shown in Fig. 2 with the origin located
at the center of gravity of the eirframe is used. The total vertical dis-
rlacement w(x,y,t) of any point on the airframe can be expressed in terms of
the rigid body translation, the pitch or rotation of the x axis about the
Yy axis,and the elastic deformation of the airframe with respect to the moving

xy axis. Thus the total vertical displacement of any point on the airframe

from any horizontal reference plane can be expressed by the equation:



N

Wy d =) 8d (o) Xy (6) 5 Nm W 4k ()
J=3

vwhere the translation and rotation of the x axis are represented by rigid
body modes of zero frequencies and denoted by

5> (x,y) = 1 W, = 0

(5)
¢h (x,y) ==X w, =0

The terms X3(t) and Xh(t) represent the generalized or normel coordinates,
respectively, of these rigid body modes. The elastic displacements of the
sirframe with respect to the xy axes are represented by & superposition of the
flexible normel hmodes which have finite frequencies. The shapes and corre-

sponding frequencies of these modes are denoted by:

¢5 (XJY) ws

¢6 (ny) “’6
! | (6)
L |

¢h (x:Y) ’-"N

and their respective normal coordinates are represented by XS(t), X6(t)- - - -
xg(t)-

It is to be noted that )L_L(t) and xe(t) are reserved for the vertical
displacements of the unsprung masses Ml and M2 respectively.

The equations of motion of the elastic airframe therefore consist of the

following:
Wae _ . o
g %3 ¥ Mg¥s = Py(t) (7)
. . 2 . -
MJXJ + 2\ MJmJXJ + Méwj x‘j = Pj(t), J=5,6,. . . N (9)



In Egs. (7), (8), end (9) and in the following dots represent time derivatives,

MJ is the generalized mass of the jth mode and A 1s a damping coefficlent which

is assumed to be the same for each flexible mode. Pj(t) is the generalized
forcing function of the jth mode and is given as follows:
_ 5 J _ - J J J
Py(t) = -(q) - &) ¢y - (Q, - Q) ¢ - Lyg3 - Lgj, (10)
Here Ql and Q2 represent the total interacting forces between the airframe and
the main and nose landing gears, respectively. Ql and Qz represent corresponding

static value when v=0. The notation ¢i denotes the Jth mode shape; the subscripts

J J
i

Thus, i=1 and i=2 refer to the points Ol and O2 on Fig. 2a respectively; i=3 and

i=l refer to the aerodynamic centers (a.c ')l and (a.c.

i of ¢Y indicate the location on the airfreme where the g° values are referred to.

)2 respectively.

Equations of Motion of the Unsprung Masses

Consider the ith landing gear system as shown in Fig. 2b. Xi represents the

displacement of the mass Mi and U, represents the vertical displacement of point

i

Oi; both Xi and. O1 are measured from their respective equilibrium positions at v=0.
Ui can be expressed in terms of the normal coordinates Xi of the airfreme as follows:
N
_ J
U, _2 Xj(t) p3 (11)
J=3

The interacting force between the ground and the tires is Fki and is expressed as

Foq = Kti ()(i + X+ hi) (12)

where Kfi is the stiffness of the tire spring and Xi is the static downward dis-

plecement of the mass Mi' To take into account the fact that the landing gear
tires might leave the runway surface at certain instants of time and that the

tire spring forces can not take on negative values, Kfi should be assigned a zero

value whenever the quantity in the bracket to Eq.{12) becomes smaller than zero.
In the suspension system the nonlinear spring force ( pneumatic force) is given

by the relation v

ol
si = PaoiAai (V . - A, ) (13)
oi ai i



where

Dot is the air pressure in the upper chamber for fully extended strut,

Aai is the cross sectional pneumatic area,

VOi is the chamber air volume for fully extended strut, and

sy = Ui - xi + Ai is the strut stroke.

The term Ai represents the static shortening of the nonlinear spring. The damping

force (hydraulic force) in the suspension system is denoted by Fdi and is expressed as

: 3
s, . .
F, = TEET et 5 éi (1)
. 11 2(Cyy (s DAy
where
pi is the mass density of hydraulic fluid,
Ani is the net orifice area,

Ahi is the hydraulic area,
Cdi is the coefficient of discharge.
éi
The factor TE_T is simply introduced to indicate the proper sign of the hydraulic
i

resistance. For brevity, the demping force is rewritten in the following form

5
F,, = Ts_iT D,(s,) 85 (25)

The internal frictional force in the suspension system depends on the megni-
tude of the forces on the axle, the spacing of the bearings and the coefficient
of friction between the bearings and the cylinder walls and results in a rather
complicated expression (19). In this enalysis it is assumed that the frictional

force Fi developed in the suspension system varies between % F!, i.e., it is

i
assumed to be a Coulomb friction force. As long as—Fi < Fi < F!, the suspension
spring for system i remains inactive and éi = §i = 0. Hence Fdi=0' On the other

]
i
=R 1t 1
hand, if |Fi|-Fi, that is when Fi—Fi TEIT the suspension spring beccmes active

and the damping force cames into play.
The equation of motion of the unsprung mass Mi is established by considering

the mass itself as a free body as shown in Fig. 2b; thus one obtains
M X =W, +Q - F i=1,2 (16)



where
Q =Fy +F +F (17)

Now the forces Fsi’ Fdi’ Fti can all be expressed in terms of the strut stroke
sy and its first time derivatiwve éi and these in turn can be expressed in

terms of the coordinate Xi and its time derivative according to Eq. (11).

Numerical Integration Procedure (31), (32)

The equations of motion of the unsprung masses Eq. (16) and those of the
airfreme Eqs. (7), (8), (9), form a set of nonlinear differential equations of
motion equal in number to the number of degrees of freedom of the airframe -
landing gear system. These equations are solved numerically by means of a step
by step method of integration. The time required for the airplane to traverse
& certain distance of the runway is dividea into a number of short intervals
Ot. Let 1t be assumed that the values of the displacement, velocity and accel-
eration of each coordinate of the system are known at a time t-At and it is
desired to find the corresponding values at time t. The method used to accam-
plish this is the Linear Acceleration Method. In order to avoid iteration
each time increment, scme approximations have been introduced into the non-
linear system. First, over each small time increment; the nonlinear time

dependent damping force is approximated by

8,
i , . L.
= - ..8_ )8 ]
R T P s R0, a2)
The quantity in the square bracket is evaluated at the time instant t-At.

Second, the spring force in the suspension system is piece-wise linearized.

Thus,

Fog = (hgdoag 59y + (hpgdy oy (29)

where

and (k

(kli)t~At 1)t at

are evaluated at the instant t-At.

10



With these approximations introduced, the equations of motion of the system are

linearized at each instant of time and can be arranged to be put in the following

RRCR RS R ERCRICA =)

where {X is the displacement vector of the system,

form.

{i}’ is the velocity vector of the system,

{i}- is the acceleration vector of the system,

{R}- is the "forcing function” vector of the system,
L
c
[ §

-
is the mass matrix,
is the damping matrix,
J

K is the stiffness matrix .

.

The linear acceleration method is based on the assumption that the acceleration of
each coordinate of the system varies linearly within a time increment &t. The
velocity and displacement of each coordinate at the end of the interval are then
determined in terms of the known acceleration, velocity and displacement at the
beginning of the interval and in terms of the unknown acceleration at the end of

the interval, thereby

{£}£ i {X}k-Am ’ é% {i}é-A¢ * é% {i}; (21)
{X}t - {x}t_& e {"‘}t_& - {*}t_m - {X}t (22)

The unknown acceleration is evaluated by satisfying the equations of motion of the
system at the end of the time interval, that is at time instant t. Thus, substit-
uting Eqs. (21) and (22) into Eq. (20) yields the following equation for the

acceleration at the end of the time interval.

11



(i, - [ @, - [ - [ b)) )
-]l ) @)
SERCANES 2t ot (25)
P, e 5 -

The velocity and displacement at the end of the interval can now be obtained
using Eqs. (21) and (22).
The initiel displacement and the initial velocity are given as the initial

conditions of the problem and the initial acceleration is determined from Eq. {23) es

= 0 (B - 18, - [ 6 (@

The step-by-step response of the system is given by repeated application of
Egs. (21), (22), (23), and (24).

It is to be noted that because of the Coulomb friction force in the landing
gear systems, a distinction must be made between the case when the absolute
value of the Coulamb friction force in a particular landing gear system has
reached 1ts limiting frictional value and the case when the absolute value of
the Coulomb friction force is smaller than its limiting value. For the latter
case the Coulcmb friction force must be treated as an unknown quantity and an
additional condition must be imposed on the system; that is, there is no relative
motion between the unsprung mass of that landing gear system and the landing
gear attachment point on the airframe. Thus, the solution of the equations of
motion are obtained according to whether IFiI is smaller than or equal to F'

i

and is described as follows:



1. Both landing gears are unlocked, that is |Fi| = F!, 1=1,2=Express F_,, Fy,
and hence Qi in terms of the coordinates of the system and their derivatives
according to Egs. (19), (18), (17), (11). Substituting these Egs. into the Eqgs.
of motion (7), (8), (9), (16) and, after rearranging,gives Eq. (20) where l:Mjl [CJ

[K} are symmetric and their respective elements are given below:

Moy =My 5 J=i; d=l,- - - N
My =03 ¥ ; i=1,- - - -N (28)
1o =0
cii = Gi ; i=1,2
ey =-Gi¢i ; 1=1,2 ; J=3,- - - -N
2
i G  4mR e e oo N ¢ =il - - - -
ci,j =kzl Gk¢k¢k + ciaiJ ; i=3, N ; J=1, N (29)
where G, = | [D (s,)8, } | (30)
i itvifi oAt
513 is the Kronecker Delta function, that is, 613 = { é: i;g (31)
and cy = 2)"Miwi (32)
Kp=0
Kig =Ky + Ky 5 1=1,2 )
Ky, =—Kli¢i ;11,2 5 J=l,- - - = N
2
Km’Z Kyp@pfy + Mud y 5 123, = - - N g=1, - = - N (33)
k=1
{R} of Eq. (20) are
Ry =W, +F +F, - K, (xi + hi) ; 1=1,2
2
- Iy L oaa3 oo
Ryw ) (gl +7ied) 5 3e3, - - - ¥ (34)

i=1
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where is denotes the static value of Fs

i 1’

Application of the linear acceleration method yields the displacements,
velocities and accelerations in the system. The force elements Fti’ Fsi’ and
F;; in the tire-landing gear system can then be obtained using Egs. (12) (19),
and (18).

2. Both landing gears are locked, that is IFi| < F! , i=1,2 — In this case
the total interacting forces between the landing gears and the airframe, Qi’
i=1,2 are first obtained using Eq. (16) » the equations of motion of the unsprung
masses,and substituted into Egs. (7), (8) and (9), the equations of motion of the

airframe, thus giving N-2 differential equations in terms of the N coordinates

of the system. Two additional conditions are introduced as follows:
N

. _ .o J . -

X, -Z Xy 5 1=1,2 (35)
J=3

Thus one gets, after rearranging, a set of N differential Egs. (20) where the

elements of the matrices [M], [c], and [K] are as follows:

Moo= oM 5 i=1,2
Mpp =0
M, = Mpd ;121,25 323, - - - N
ij 171 2 T e ’
Mii=Mi;i=3,---N
My =05 dm3,= = = N ; Jei#l,- = - N (36)
cii = ci ; i=3,- - = N
Otherwise cij =0 (37)
KiJ=O;i=l,2;,j=i,---N
2
K =zl‘ K ¢J¢i + 5. M w2 ; i=3,- -« - N ; J=1,- - - N (38)
13 K’k T O151%y 4 3 IE
=1
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The elements of the column matrix {R}-are -

R, =0; j=1,2

J 2
D! J 'j _ ) ) .

By = -, [Li¢i+2 tog (K (X vy -2 - - Fsi)},a=3, -- N (39)
i=1

where Zoi is the stroke shortening of the ith landing gear.

The solution of the above equations of motion gives the displacement,
velocity and acceleration of the system as before. The Coulomb friction forces
are obtained from Eqs. (16) and (17) and the remainder of the forces in the
tire-landing gear systems are obtained using Egs. (12), (18), and (19).

3. The main landing gear is unlocked and the nose landing gear is locked;

that is, IFlI = F] and |F2| < Fj~ In this case, Q, ,the interacting force

2
between the nose landing gear and the airframe is obtained from Eq. (16),

the equation of motion of the nose landing gear. Substituting the Qi's into
the equations of motion of the airframe and Qi into the equation of moticn of
the main landing gear, rearranging, one obtains a set of N-1 differential

equations of motion in terms of the N coordinates. The additional necessary

condition is obtained by imposing the condition
N
%, =) % (o)
2 J e
J=3

resulting in N equations in the N coordinates , Eq. (20). The elements of the

matrices are:

My o= (-1 M5 1m0

My, =0 §=2, - - N

My, = Mypd ;3=3, - - N

M, =M ; i=3,- - -N

MiJ=O; i=3, = = -N ; J=141, - - -N (¥1)
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cll=Gl

o} = 0

J .
-G8y 5 =3, - - N

Q
[}

0; J=2, - - -N

0
8

J 1 . .
(] - Gl¢l¢l + Si,jcj » i=3) - - =N H J=i, - - =N (h2)

Ky =K tip

K, = O

Ky = -k #) 5 ge3, - - N

Kyy =05 d=2, - - N

Ky, = k9190 + K 9080 + 3, M, wﬁ ; 1=3, - = <N ; 3=1, - - -N  (43)

For {#}

R1==wl+F:'L+F'Ei - Ky (5{1+hl)

R2 = 0

Ry = “Lyg} - L) - #iF; - 93 [Ktz (X, + 1y -25) - "2 - Fsz]

jm3- - - <N (L)

The solution of the above equations of motion gives the value of the dis-
placements, velocitles and accelerations of the system. The Coulamb friction
force F, of the nose landing gear is determined from Egs. (16) and (7). A1
other forces in the two tire-landing gear systems are obtained through Egs.
(12), (18), end (19).
b, The nose landing gear is unlocked and the main landing gear is locked;
that is |F2l = Fé ’ |Fl| < Fi- This case is similar to the case described in
3. Following the procedures described in 3, we arrive at Eq. (20). The [M},
[c}, [K} and {R}-matrices of the resulting equation (20) can be obtained from

the corresponding matrices for the cases described in 1, 2, and 3, namely,

.each matrix in this case is equal to the sum of the corresponding matrix in
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cases 1 and 2 minus that in case 3. Having solved the equations of motion the
Coulamb friction force of the main landing gear is obtained using Egs. (16) and
(17). The rest of the forces in the tire-landing gear systems are obtained

through Eqs. (12), (18) and (19).

Computer Program

The method described in the previous section has been programmed for the
IRM TO90 digital computer. The program consists of five parts described as follows:

Part 1. The purposes of the program "Profile" are
(a) to campute, from the profile elevations of a given runway, the profile
elevations at the main and nose wheels at each successive instant of time
according to the time interval (ov intervals) chosen for the computation of the
response of the alrplane and the time history of the speed of the airplane
during take-off and landings
(b) to compute, from the time history of the speed of the airplane on the run-
way, the speed of the airplane at each successive instant of time so one cen
determine the aerodymemic 1lift forces; and
(¢) to compute, from the time history of the angles of attack at both the wings
and the canard, the values of these quantities at each successive instant of
time for the same purpose as described in (v).

The above three sets of data are read into the Computer using cerds and
the program carries out the interpolation. Because of the limited storage
capacity of the camputer, after & certein number of cycles of interpolation
say, JP, is ccmpleted, the results are printed on line and transferred to tape
for use in the "Response" progrem described in Part 2. The interpolation
process 1is repeated until the program reaches the end of the runway.

Part 2. The purpose of the program “"Response" is to campute the dynamic

response of & given airplane operating on the given runway.
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This program starts with the reading in of data which specifies the physical
characteristics of the airplane including the initial conditions of the system.
Next, the interpolated values of the time history of the airplane velocity on the
runway, the profile elevations at the main and nose wheels, and the time history
of the angles of attack at the wings and the canard are read in from tape accord-
ing to the manner in which it was recorded on the tape by the program "Profile”.

The main function of the "Response" progrem is to integrate numerically the
equations of motion according to whether [F, | = Fi or IF,| <F; for i=1,2.
Again, because of the limited storage capacity of the computer, the data, other
then those of the characteristics of the airplane and the initial conditions,
are read in piece by piece and the results of the integration are transferred
to tape after each piece of data is exhausted.

The output information includes the time history of the generalized or nor-
mal coordinates of the system, their first and second derivatives, and includes
the tire forces of the main and nose wheels. These quantities are considered
"essential" and are retained on tape since whatever quantity is required for
the airplane such as stress at any location, it can be readily calculated from
the information stored on such tape. Also, the vertical acceleration at the

pilot location can be obtaiﬁed from the equation:

W @o,0) =) &y () (15)
J=3
where ¢J is the value of the jth mode shape at the pilot location.

5
Part 3. The program "Plotxy" is written to make use of & Cal-Camp plotter

which will automatically plot the time history curves of the generalized coord-
inates, their first and second derivatives, and will also plot the vertical
displacements, velocities and accelerations at the pilot's compartment .

This program starts by reading in control data that specify which of the
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above mentioned time history curves are to be plotted and the scale to be

used for each curve. The values of the elastic mode shapes at the pilot's
compartment are also read in in order to determine the displacements, velocities,
and accelerations at the position of the pilot as indicated by Eq. (45) in

Part 2.

The program then reads fram the output tape of the "Response'" program
velues of the quantities that are to be plotted. The displacements, velocities,
and accelerations of the pilot's compartment are calculated if specified. The
program then mekes use of the IEM T090 library routine J6 BC XYP2 to activate
plotting instruments and transfer them to & Cal-Comp data tape which is then
read by a 1401 progrem and used to drive the plotter.

Part 4. Similar to the program "Plotxy", the program "PlotF" also makes
use of the 7090 library routine J6 BC XYP2 and the Cal-Comp plotter to plot
the time history curves of the tire forces of the main and nose landing gears.

This program then reads in control data that specify which of the above
mentioned curves will be plotted and the scales to be used for each curve.

The values of the static tire forces of the main and nose leanding gears are
also read into the computer by this progrem and then the values of the total
tire forces are read in from the output tape of the "Response” program. The
static forces are then subtracted from their corresponding total forces. The
resulting curves plotted therefore represent the fluctuation of the tire forces
sbout their static values.

Part 5. The program "Stat" is intended to compute the time averages of
the response of the airplane on the runway. Computed are the peak, mean and
mean square values of the coordinates of the system as well as their deriv-
atives, and peak, mean and mean square values of the displacements, velocities
and accelerations of the pilot-s compartment and the fluctuation of the tire

forces sbout their static values are also computed. The peak values of the
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quantities mentioned above not only indicate the maximum absolute values of the
quantities but elso furnish information regarding the scales to be selected in
the "Plotxy" and "PlotF" progrems as described in Part 3 and Part L respectively.

It 18 to be noted that the time histories of the quantities mentioned sbove
have statistical significance only when the airplane operates on sufficiently
long runvays &t constant speed in which case they then constitute ergodic pro-
cesses. The results presented in the following section should therefore be
interpreted accordingly.

A detailed listing of the programs described above is included in Appendix 1.

Discussion of Results

The dynamic response of the Boeilng TOT and the Boeing 733 9% on two runvays
have been obtained. The pertinent characteristics of these two airélanes are
contained in Appendix 2. Runway profile date are tabulated in Taﬁles 1 and 2
and plotted in Fig. 3. Runway 12 is plotted about &.zero arithmetic mean and
Runway 28R is plotted with reference to a datum 10 feet above mean see level

For each eirplane, the response was first determined with the inclusion of
six flexural modes and was then determined considering rigid body motion only.
In the entire investigation, all aerodynamic iift forces were assumed to be non-
existent. The time history curves of response include the vertical'displacement
of nose and main landing gear wheels, the vertical displacement of the center
of gravity of the airplane (rigid body translational mode), the rigid body
pitching angle, the vertical displacement at the location of pilot. the verticel
acceleration at the location of pilot, and the tire forces of the main &nd nose
landing gears. In the case when flexural modes of the airframe are included.
the time history curves of the generalized coordinetes of the flexurel modes
are also presented. In addition to the time history curves of response of the

airplane, the peak values of response, their respective mean values, and their
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mean square values have been obtained by means of the "Stat" program for those
cases where the velocity of the airplane is held constant. These results are
given in Tables 3 and k4.

The computer time required to obtain a solution depends on the particular

problem considered. It depends on the length of the runway, the speed of the

airplane, and the time interval chosen for the numerical integration procedure.

Different time intervals were used in test runs and comparison of the results

showed that the desired degree of accuracy was obtained for all cases using the

time interval 0.002 seconds. The following is an estimate of the time required

for the solution of the TOT airplane operating with a constant velocity v=100

ft/sec on Runway 12 which has a length of 3000 ft. The time required for the

"Response" program was approximately 30 minutes for the case when all six flex-

ural modes were included and 9 minutes for the case when only rigid body motion

were considered in the computation. The average time required for the "Plotxy”

and "PlotF" programs to plot one curve on each graph was about 2 minutes and
the time required for the "Stat" program ranged between 1.5 and 2.0 minutes
depending on whether flexural modes were considered in the computation or not.
Although there has been insufficient time to carry out detailed investi-
gations and the basic data reflecting the characteristics of the supersonic
transport are based on an earlier design which is not considered final, the
limited information obtained does indicate some significant phenomena which
are discussed as follows:
1. Rigid Body Translation - The time history curves for rigid body trans-
lation of both airplanes operating on each runwsy are shown in Fig. 11l for the

case when flexural mode response is included and in Fig. 12 when only rigid

body response is included. In each of these figures, the displacement consists

of an oscillatory motion having a predominant frequency of approximately 1.3 cps

superimposed upon & displecement corresponding to the runway profile. Note that
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the runway profile elevation h as plotted in Fig. 3 is considered positive

when upwards while the vertical displacement of the center of gravity (rigid
body translation) is considered positive when downwards. Therefore, the runway
profile contributions to the displacements shown in Figs. 11 and 12 appear in
an inverted form from those profile elevations of Fig. 3.

Because of the large non-linearities present in the entire structural system,
it is difficult to completely identify the predominant frequencies appearing in
Figs. 11 and 12. One significant quantitative observation, however, is the fact
that the inclusion of flexural modes in the dynamic response reduces somewhat
the magnitude of the rigid body translation.

It should be noted in both Figs. 11 and 12 that the rigid body translational
response is considerably greater for the 733-94% airplane as compared with the
TOT airplane.

It will also be noted that there is greater dynamic peak response of both
airplanes on Runway 12 at locations of large discrete bumps than on Runway 28R
of the San Francisco International Airport where the discrete bumps are less severe.
2. Rigid Body Rotation - The time history curves for rigid body rotation are
shown in Figs. 13 and 14. The predominant frequency of this type of motion is
approximately 1.0 cps and 0.5 cps for the 70T and T733-94 airplanes, respectively.
These results show that the flexural modes do not appreciebly affect this type of
response except for the case of the T733-9L4 airplane operating on Runway 28R where
inclusion of the flexural modes resulted in & considerable reduction of response.

Generally it is observed that the peak rigid body rotation of the 733-94 air-
plane is greater than the rotation of the TOT airplane especially on Runway 12
where the large discrete bumps near the end of the runway are critical (see Fig. 3).
3. Vertical Displecement at Pilot Location - The time history curves for ver-

tical displacement at the pilot location are shown in Figs. 19 and 20. 1In each
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figure the total displacement as contributed by all modes is shown along with
the individual contribution of the rigid-body translational and the rigid body
rotational modes. A study of the separate contributions shows that the total
displacements for both airplanes is due primarily to the rigid body rotaticnal
contribution, especially on Runway 12. Note that the runway profile displace-
ments must be reflected in this observation as before in the case of rigid body
translation (see Section 1 gbove). The discrete bumps near the end of Runway 12
are the cause of the large peak displacements produced which are quite large in
a relative sense for the case of the T733-94 airplane.
i Vertical Acceleration at Pilot Location - The time history curves for ver-
tical acceleration at the pilot location are shown in Figs. 21 and 22. It is
immediately apparent upon inspecting these results that the influence of the
flexural modes upon peak accelerations and upon frequency distribution is
appreciably, i.e. the inclusion of flexible mode response gives considerably
higher accelerations at higher frequencies. The effects of these accelerations
on pilots needs investigation.
It is apparent from these results that the peak vertical acceleration at
the pilot location is considerably larger for the T733-94 airplane as compared
with the 70T airplane. Peak accelerations have been observed in this investi-
gation as high as 1.6g and 2.4g for the 707 and the 733-94 airplanes, respectively.
For Runway 12 vhere both airplanes were operated at a constant speed of
100 ft/sec the root mean square accelerations at the pilot locations were 0.25g
and 0.5hg, respectively, for the TO7 and T33-9% airplanes. The root mean square
accelerations at the C.G. location were 0.13g and 0.19g, respectively. Therefore,
it is necessary to include both rigid body and flexural modes in evaluating accel-

eration response.
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S. Mein Lending Gear Tire Force - The time history curves for the mein landing
gear tire force are shown in Figs. 23 and 2k. This tire force represents the

total of the forces exerted by both main landing gears on the runway pavement.

For both airplanes it has been assumed that all main landing gear wheels are
located on a single horizontal axis. In the case of large transport airplanes,

the forward and rear wheels in the main landing gear truck are spaced approximately
> ft. apart in the longitudinal direction. However, the error introduced in the
analysis by assuming both forward and rear wheels to be on a single axis is con-
sidered negligible since only the relatively long profile wave lengths (50-100 ft)
produce major dynamic response.

Comparing the results of Figs. 23 and 24 shows that the flexibility of the
aircraft, brought into the analysis by including the flexible modes, considerably
reduces the peek tire forces. The predominant frequencies shown in these figures
are in the same narrow frequency band as in the case of the rigid body translation
previously discussed.

The ordinate force scale shown on Figs. 23 and 24 actually represents the
increase or decrease in tire force from its static equilibrium value which is
indicated on each graph. One will note on these figures that the total main tire
force in each case reaches peak intensities as much as 1.65 times static equi-
librium velue when all modes including flexural are considered in the analysis.

6. Nose Landing Gear Tire Force - The time history curves for the nose landing
gear tire force are shown in Figs. 25 and 26. This tire force represents the
total nose landing gear force exerted on the runway pavement.

The effect of including the flexural modes in the dynamic analysis reduces
considerably the peak nose tire forces. Peak nose tire forces obteined when in-
cluding flexural modes, were 2.38 and 4.28 times their static equilibrium values

for the 70T and 733-94 airplanes, respectively.
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The nose wheel is observed to 1lift off the runway pavement in some instances,
1.e. where the tire force maintains a negative value equal to the static equili-
brium value. In these instances a flat segment of the curves is noticeable. It
is apparent that the 733-94 airplane has more tendency to 1ift its nose tire off
the runwey than does the TOT airplane. The pilot can, or course, prevent such
1lift off by increasing the static equilbirium value which can be done by intro-
ducing an aerodynamic steady state pitching moment.
T. Generalized Coordinates of Flexible Modes - The time history curves of the
generalized coordinates of the first.six flexural-symmetric-free-free modes of
the sirfreme are presented in Figs. 15 - 18. A study of these results shows
that the higher fiexible modes are of more importance for the 733-94 airplane
than for the TOT airplane. While six flexible modes have been used in this
analysis, one could use fewer of these modes in some instances especially for
the 70T airplane. However in generating some quantities, such as vertical
acceleration at the locetion of pilot, it would appear advisable to retain all

5ix modes.
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III STATISTICAL APPROACH

Genersal

Although the effects of discrete runway bumps on the response of an air-
plane can be conveniently studied by the deterministic approach previously pre-
sented, a statistical study of the more stationary unevenness effects can be very
helpful to the design engineer particularly in evaluating fatigue damage of the
structural system.

A statistical study of the airplane response while traveling over the entire
length of a collection or ensemble of runweys by means of digital computer methods
requires much computer time. However, a more promising and direct approach to
this problem appears to be the power spectral approach.

A power spectrum of a runway profile characterizes the essential aspects of
the profile; therefore by compiling the spectra of many different runways one
can establish a means for Jjudging the severity of runway unevenness. Much work
has been done in this aerea {( 3 - 8 ). Various means of measuring run-
way unevenness have been devised, power spectral data have been prepared for many
different runways, and criteria have been established to classify runways as
being rough, medium or smooth.

Statistical studies of the airplane response utilizing dvailable power
spectrel data has been done by some authors. If cone assumes linear landing gear
systems, an analytical solution of the airplane response is easily obtained; how-
ever, typicel landing gear systems are quite nonlinear especially at higher speeds
(10 ); thus, making statistical solutions very difficult to obtain. It is the
intent of the study of this section to try to arrive at a technique which can
take into account the nonlinearities in the landing gear system when carrylng
out direct statistical solutions.

For the class of problems in which the system is subjected to normal station-

ary white noise excitation and the nonlinearities involve only displacements of



the system, it has been shown (27 ) that exact solutions can be constructed for
the stationary Fokker-Plank equation.

Inesmuch as the system under consideration involves nonlinearities both in
the displecements as well as in the velocities and the random excitation is non-

white and need not be stationary, the above technique does not apply. Approximate

techniques have been developed to handle random vibration of nonlinear systems (28 ),

(29).In a paper presented at the Symposium of the Acoustical Soclety of Americe,
S. Crandall discussed the application of the perturbation techniuge for random
vibration of nonlinear systems. In the same issue T. Caughey discussed the
application of equivalent linearization technique to nonlinear systems with
random excitation.

An exemination of both techniques shows that neither method is directly
applicable to the problem in hand.

In the following discussion the perturbation method as presented by Crandall
is first reviewed and extended to the case of multidegree systems. Second, the
principle of the equivalent linearization method as presented by Caughey is also
re-stated and a possible cambination of the two methods for cbtaining an engineer-

ing solution of the airplane problem is discussed.

The Perturbation Method (28)

Consider & system with one-degree of freedom whose equation of motion 1is

of the form

%+ px + g (x + kg (x,%)) = £(t) (46)

where g(x,k) is a nonlinear function of x and % and K is & small perturbation
factor.
If one attempts to solve this equation by the power series solution

2
X = Xy + KXy RN 47

. . . 2 .
X==XO+le+K Xy k= m - - - (18)
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then
g(x,%) = g(xo + kxg +K2x2+ --- -, io + Kil + Kzie + - =)
= g(xo,io) + K(xlgx(xo,ko) + ilgk(xo,io)) + - - - - (49)
Substitution of Eqs. (47), (48), end (49) into Eq. (46) and equating the co-

efficients of like powers of k yields the following recursive system:

. . 2
o + BXy + Ux) = £(t) (50)
; : 2 2 \

Ry o+ BR) + wgx) = -u] g(xo,xo) (51)
, . 2 2 . : ;

Ky + By + upxy = ~uy (x,8,(x,%0) + % &,(x,%,)) (52)

Solution of Eq. (50) can be represented by the convolution integral

x,(t) =j2) £(t-1) n(7) ar (53)

vhere h(T) is the unit impulse response

h(7) = -i— e"ﬁ't/2 sin wdT 5oy ="\ /wg - 52/,4 (5k)
d

X, () = '“’ifowh(’) Bx(£-7),,(£-7)) ax (55)

Similarly,

The quantities x2(t), x3(t) etc. can be obtained in a similar manner.
For purposes of illustration, let the excitation f(t) be & stationary
Gaussian randam process with known statistical properties and g(x,k):g(x)=x3.

Accepting as an approximate solution to Eq. (U6)

¥ X ey (56)
% = %y + Kk (57)
the mean square of x is
2 2
<X >ax >+ 2K < Xo%y > (58)

correct to the first order in k. Here < > designates the ensemble average of
the quantity enclosed in it. From Eq. (53)

2 [} -]
< x5 > =./;) ./; h(rl) h(Ta) < f(t-Tl) f(t-'l'e) > ar, aT,

=-/;> -./; n(7)) n(7,) R(7,-7,) a7, ar, (59)
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where Rf(Tl-Te) is the autocorrelation function of the stationary excitation

process with argument 7,-T,. Similarly, fram Eqs. (53) and (55)
2 3
<x x> m il h/; h(7)) B(7,) < xo(t)x) (£-7) > ar (60)

In the case where a stationary random process z(t) is Geussien with a mean of
zero we have (22)

< Z(tl) > =0

< z(tl) z(t2) >=R (tl-te)

< z(tl) z(te) z(t3)>= 0

< z(tl) z(ta) z(t3) z(th)>= R, (tl-ta) Rz(t3-tu) + Rz(tl—t3) Rz(te-th)

+ Rz(tl-th) Rz(te-t3) (61)

Since the output process of a linear system whose input is a Geusslan staticnary
process is also a Gaussian stationary process, one obtains, from Egq. (61)

3
< xo(t) xg(t=T)> = 3 < x (£-7) x; (£-7) > < x(t) x(¢-7) > (62)
Using the fact that for a stationary process Xg? the ensemble average

(8 % (81) > = B (1) = [ ["a(r)) m(z,) Ry(wan o) an, ar,  (63)

and also using the fact that

< x(t-7) x,(t=7) = R (0) (64)
one can establish that

< not) 1 (8) > = <3 B (0) [ n(7) R () (65)
Thus, from Eq. (58)

< x> = RxO(O) [ 1- Gmgfo h(T) Rxo(‘l') d‘f] (66)

Suppose now the excitation process 1s a Geussian stationary random process whose
power spectral density function is white, i.e.
R(T) = 8(7) (67)

vhere 5(T) 1s the Dirac Delta function, one now obtains, using Eq. (63)



R o(7) = cio eB7/2 (cos w7 + Eg; sin de» (68)

and upon substituting Eq. (68) into Eq. (66), one gets
2 2 b ,
<x" > =0 - 30 (69)
where

o2 = —5 (70)
2woﬂ

Application of the Perturbation Method to Multi-degree of Freedom Systems

Subjected to Random Inputs ( 28), ( 26).

Consider an N-degree of freedom system whose equations of motion are

=] {eh« [ ot [ o+ o fotmssmarmsissipr = frco} - o
where {é(zl,zg,--—il,ée,---)} is a nonlinear function and k is & small perturbation

factor. As in the case of single-degree of freedom systems, let the solution of

this set of equations be represented by

{z} - {x} P {y} (12)
{z} - {x} + K {y} (13)

where accuracy is assumed acceptable to the first order perturbation. Then, the

mean squere of Zy would be

2 .
<z > =X > ALK 3 i=1,----N (74)

correct to the first order in k. Expanding g(zl,za,---il,ZE,--%}-as
{8(21)22}'”'21122'--)}-= {g(xl + Kyl)xe + Ky2’---xl + Kyl)xz + KYQ:"')}
= {G(Xl’xa’---xl’xa’---) + K(yngl (xl:sz'--xl)xz)'-') + y2822 (xl)xe:-'”lex.)"")

Fem==t yngl (xl,xa,--_xl’XQ,---) + Y2322 (xl’x2}-°-ﬁxl)x2)°--) +"')

PP — )} (75)
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then substituting Egs. (72}, (73}, and {75} irto Eq. (71) and equating correspcnding

coefficients cf Kk gives

e [ - [ B - el e
M {y} N H {y} * M {y} - ~{8(xl;x2, ~~~~~~ xl,xa,,m__,c.)} -

To make the discussion more general, consider the case in which the system dos:
not necessarily possess classical normal modes. In such cases, we must use &

more general approach to the problem (24 ). Consider Eq. (76), ard let

f .
{} {} '

(t) {} (79)
RS

FIRRY -
: o) [
a1l -
: ) [

RISRGICORER) -

a set cf oN first order differential equations. The homogeneous solutions of

Eq. (82) are obtaired by assuming

{q} - e {@} | (83)



Substituting Eq. /83) into Eq. (82) yieids

o[ (163
OloRTs)

i il

and where [I] is the identity matrix.

where

For non-trivial solutions of {¢} to exist, the following conditions must nold , 1.e.

[U] -2 [1] =0 (37)

This yields 2N eigenvalues Ctn end 2N eigenvectors

A (86)
atl .
o], 1] [¢] e svmesre, [8] st [e] e et s 3. (8 s e
L [
G RGIoRe
Premultiply Eq. (90) by {o’“}T end postmtizy . (91) vy (&7} o get
B T -
T
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Subtracting Eq. (93) from Eq. (92) yields,

@, - o) (& H f} -0 (o)

Thus, one obtains the orthogonality relations

{¢m}T [n] {&‘} -0 n # n (95)
e e w

For the nonhamogeneous solution of Eq. (82), let

q(t)p= ) 10%F & (¢) (97)
faof- )

nal

where §n(t) are to be determined. Substituting Eq. (97) into Eq. (82) yilelds
2N P
) [, (9o - oo} =
n=1 nml

Premultiplying by {on}T yields
q T 2 7 T
LA el o [ - o e} oo
n=l n=l

Applying the orthogonality relations Eqs. (95) and (96) reduces Eq. (99) to

Rnén - aangn = Fn(t) (100)
T T T e
= w:'::i) = {on}T {F(t)} - {o“}T {f(t)} (102)

The solution of Eq. (100) is obtained by applying the unit impulse method.

Thus, ( )
£ 0 (t-T
FOEE AN YO (103)
n



- and

T r T nf 1 t O‘n(tﬂ) -
{q(t)}nz {¢ }snm 52 {o }}Tf e P (%) aF (10k)
n=1 n=1 2-o0
n=1
and {x(t)} nﬁ {‘”n};f ‘f(‘)t ean(t-‘r) Fn(’f) - (106)
n=1l

The statisticel moments can now be formed, for instance

t pt @ (t-T) @ (t-7.)
% 1 n m n 1 m 2
&> = ; ; m ¢ ¢ij; J; e e <Fn(Tl)Fm(72)> d‘rld'r2 {107)

n=1lm=l

where Fn(t) is defined by Eq. (102). In a similar manner, using Eg. (T7) one chtains

o} 3 (e S e -
n=l

vhere B

0y(0) = {2 {aey 0 mety o) | (109)
then t + fo (t-T)

<x,¥7> ,.? fh—iﬁ @‘; ¢;’ J; fo el <x, (436, (7)> at (110)

n=l msl

vhere G {T)1s related to xl,xe,-n}'c ~--- ag defined by Eq. (109). The

1’ X2’
expression of the ensemble average therefore depends on the form of the non-
linearity of the system.

To clarify this method further cocsider the case of an airplane moving with
constant velosity v along a runway whose proflile may be represented by & stationary
randam process. Let the airplane be ldealized as a two-degree of freedom system
(Fig. 27). The terms m, and m, represent the total mass of the airfreme and the
total mass of the wheels respectively. The displacements of the two masses are

chosen as the generallzed coordinates of the system; each being measured from

3k



thelr respective static equilibrium positioms. The *tire spring force and the
damping force in the landing gear system are assumed to be linear. The spring
force in the landing gear system is cconsidered nonlinear and is expressed as

F, =k (z‘2 zl) +Kk \z? zl)3 + f“s (221)
where Kk is a smail perturbation facztor and Fs = m.g is the static sprirg force.
The equations of mctlon of the system are then

.. ‘. ) 3 N
mz, + k(2 zQ) + c(zl z2) + K]L_L(zl zg) (L2

mat, - };:,i’(z1 ze) - c(ilan) - Kkl(zl-:ze)3 + k2z2-k2A(S) {723}

where Als) is the prcfile elevation of the runway and s=vt. Xk, rerreseuts the

2

stiffness of the tire spring. If ocne considers only first order perturbation, i.e.
o 7
2, =X+ Ky {(11k)
22 = x2 + Kya (1-15)

one obtains

MRy + g {x-xg) + cliykp) = 0 (116)
m25&2 - kl(xl-xg) -c (xl-xQ) + k%, = kQA(vt) {127)
¥y + b (yymy,) + o (3,79,) = =i (xx,)? (218)
m¥, = 1 (3py,) = e(gy=¥,) + kv, = X (xgx,) (219)

or in matrix form

[ 6+ - o)
O LE E el

where

SEEN
-
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-2 )

-k Ky +k,
0
{f(t)} = K Avt) (125)
. (x,(t) - x,(t))3
{s(t)} Y R (126)

(2, (8) - x,(£))°

To f£ind the eigenvalues and eigenvectors of the system we formulate the matrix [U}
) ]
[Ujl = -1 -1
PR L

~ 0 0 1 0
0 0 0 1
i 1.1 1 2t 2
2 € 2 ] T w w
ml w2 w2 1 1
l 1 1
"3 "3 0 0 (227)
L 2 2 i
where
K, m,
K 2 >
w, = —= ;0 W, = [ —— ; € = — ; t = (128)
1 m ’ 2 m, ? m ?
1 2 1 2 mlkl
Using the condition
. 1
2 o a1 o]
N 0 -3 0 1
[U] -a.[x_] = = 0 (129)
IR SR O S - 2
2 € 2 2 ) a w.
wl w2 w2 1 1
il . 0 _1
€ 2 2 a
L w, w, )
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and expanding this matrix in cofactors of the first row ylelds

ah+2§w (1+1)a +(w +w§+%w)a +2l;ww?a+w§g=o (130)

Solution of this equation may be obtained by use of the Test-Function Method for
determining the roots of an algebraic equation (25). To find the eigenvectors, one can
make use of the fact that they are proportional to the cofactors of any row of the

matrix of Eq. (129). Thus, one obtains for the third row

1,1 .1
& (5 g)
n o W
a n 2
n
11
o 2 n
n €w2 an {0 }
{af‘}: = (131)
- 2 (l_ + L) ¢n
a ‘3% 3
n w
n 2
i 1
a 3
n ew2

Having found the G's and &'s, the solutions of Egs. (120) and (121) may be

determined as follows

xi(t) =Z ¢;1

n=1

’JUII-'

t o (t-7)
f e Fn(‘f) dr (132)
0

n

vwhere R is defined by Eq. (101) and

F (%) = {¢n}T {f(f)} (133)

Stnilarly

y,(t) =Z %—- ft Jalt) 6 () a (134)
where
6.() = {«»“}T foof e (8- 63322 v 8- ) (135)
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To determine the statistical moments of the output, assume first that the shape
of the runway is & stationary Gaussian process with zero mean value whose auto-
correlation function is ¥(As) = ¥(o) 5(As), V(o) being the mean square value of
the profile and B is the Dirac Delta Function. In such cases, using Egqs. (132)
and (133) gives

N
o t 4T @ (£-T.) @ (£+7-7 )
1 n,m n 1’ m 2. n.m
{ T = —_
<x1\t)xl(t+ > § 2 RR 0101‘/;“/; e e 050,

n=1 m=1 °
N
o t At (t-T)) a (£+47-T,)
= g“’(o)i Z “’2"‘;"2‘”2[ f e ™ el Zo(7,-1)) ayar,
n=l m=l ©0-0

Integrating with respect to 7, first gives

2
2 i & nmnm 1 t an(t-T) Olm(t'ﬂ"“rl) T
<x1(t)xl(t+1)> = k; v(0) Z 6101050, R—le]; e e av,
n=1 m=1 n
4
T a 'Ia )‘t a T '(a "a )t
2 nmnm 1 ( n m m 1 nnm
=k, ‘V(O)Z Z 10,606, R R e e (;E (1-e Yy (136)

n=1 m=1l

The steady state value is now obtained by letting t approach infinity. Thus,

b

2 1 nmnm 1 m
lim <x1(t)xl(t+'r) > =k, W(O)Z Z TR %% e ; ™0 (137)
T o n=l m=1 * ™

Note that for a stable system an must be real and negative or complex with a

negative real part. Similarly,
N

N T
2 1 1«
lim <x(t)x,(E47)> =-k3 v(o)z Z SR ¢‘2‘¢2¢‘2‘¢2 e ™ ; 0 (138)

o o
teow nel m=l n o n-m
h oy
2 N 1 nmnm 1 c‘m‘r
1im <xl(t)x2(t-H:)> = -k, v(0) Z TR %1%%% 5 °© ; ™0 (139)
1+ n=1 m=1 nm nm

CNNES
1lim <xl(t)x2(t+1') S = X2 W(O)Z Z X ¢rll¢m¢g¢m }O‘m e T ; 1 <0 (1ko0)
m=1

t*w
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The mean square of the output {Zi} correct to the first order in k, is

<z§>=<x2>+2 < x > ;5 i=1,2 (141)

1 Y1

To find < x,y, > for i=1,2 using Eqs. (13L4) and (135) yields the relation

171
. t & (4-7)
< x(t)y(t) > =Z % ¢§_‘ ‘/; e @ <x, (t)e (7) > a7
n=1
t O (t-T) 3
=k — ¢ (¢ - ¢ )f e " <xl(t)xl("")> av
n=1

t  Q (t-T)
- 3k1i = o (¢ - ¢;‘)f el < xl(t)xzeL(T)xe(T) > qr

n=1

t @ (t-T)
+ 3k1§v '11?— ol - ¢;) /(; e B < xl(t)xl(‘f)xg('f) > 4r

n=1

(04 1'
i" o (on -0 )f al® < xl(t)xg("') > gt (112]

n=1

Considering xl(t), x2(t), xl(T), xa(T) as a multivariate normal process with zero
mean values ( 22), one obtains

<y (E)x5(F) >= 3 (1) <x) (£)x, (7)>

(O (FP= 2 <y ()3, (TP (D) 4 <y ()xy()> <2(7)>

< (g (DG = 2 < (8)xy(T)> <y ()xy(T)>

< (TP = 3 <B(1)> <x (£)x (1> (143)
Substituting Eq.(1%43) into Eq. (142), gives

<xl(t)yl(t)> = 3k1<(<xl% + <x§ > -2 < x> )Z Rk 2y (¢ l)

k=1

t o (t-7)
fo e (< x (805 (> = < x (t)x(7)> ) aF (144)
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Now using the relationships Eq. (137) and (140), Eq. (144) becames

t o (t-"')
< (B)y (8> = 3y (al% + <x§ -2« xg)i oy 1 k)f

k=1
-0, (T-t)
m my,n.m 1 k T
X2 V(o)ii R T o (¢2 °1)°2°2 O‘n—*% e a (145)
n=l m=1
Performing the integration and letting t approach infinity leads to the expression
Un  <x (t)y,(t> =3 (<x2>+<x§-2< x )k W(o)i L ok (¢ - o5y
b 1 1 X%z 1 !
k=1
n m 1 1
2 i RR_ °1°2°2 (° - g Tl (146)
=1 m=l © nmn k
Similarly

Lim < (tlyy(th = 3 (> + o> - 2 agxp) K w(o)i ;—k o (o5 - o7)
k=1

te®

z Z oDo0e2 (o8 - &) 5 fa 3 fa (147)

n=l m=l n mn k

The mean squere values of z, and z, may be obtained from Eq. (14%1). Suppose now that
m = 955 lb-sz/in

my= 12 1b-52/1n

¢ = 1500 1b-s°/in

k = 187,500.0 1b/in

k, = 96000.0 1b/in

£ = 0.15

¥Y(0) = 0.0k75 in®

one obtains the following ensemble averages
<xe> = B8.75 in®

<X§ .02 in

<x yp>= 22.2 in°

Lo



. 2
<x2y2> = 12.3 in
2
<z> = 12.&0 :'Ln2
<Z§ = T.71 in2
——

Take now as & second example, the same system with the autocorrelation function

of the runwey

v(ls) = ¥(0)e~M1%] (148)
In this case L
t ot o (6-T,) o (t-7)
<xg ()% (t+7)> = kK, ‘V(O)Zz R R 99197 ffo © ©
n=1 m=1l |
-V 1’2
e ar ar, (149)

integrating the double integral with respect to T first, one obtains

(=T ) (£4T-T))
<x) ()3 (£47)> = ka\y(o)Zi RR o ¢’2‘o Uf . A

n=1 m=1
n(T,-T, 47 a (t-7,) a (£47-7,) -nv(T2-T )
e 4ar. 4T, + 4t.4T
172 j;j;z 12 }
L o4
= v(o)z z B onelele A (7) (150)
n=l m=l T
Similarly
<X (t)x (t+T)> = X W(O)L Z —— ¢g¢ ’;Am('r) ;T>0 (151)
n=1l m=1
<xy (£)x,(t47)> = kg \v(o)zz RE 4{ ’2% A (7)) 5720 (152)
n=1 m=l
<)L_L(t)x2(t+1')> = kg v(o)i z R R °1°2°2°2 A _(-7) ;7¢O (153)
n=1 m=1

L



where a7

e onv e
An(T) = (@ +nv){e -nv) ¥ (o0 )( m-n2v2 (154)

Following the same argument as in the previous example,
4
l k. k k
< (t)y, (2> = 3k (<xi> + <x§ - 2<xlx2>)>: ) o) (o5 - o7)
k=1

t ock(t-'r)
[ teqomr - o) @ Gs5)

Substituting now the values of <xl(t)x1(T)> and <xl(t)x2(1)> into this equation

and cerrying out the integration, one obtains, after letting t approach infinity,

+<x§> 4 n
< (t)y (£)> = 3k, (<x§>/\- 2<x %) kg v(o)z %R; 43; (¢ll‘ - og)Zi ﬁ
k=l n=l m=1

oy (6] - o) oj0, B (156)
Similarly \ .
(0,8 = 3 (o> + oS> - 2axx>) 15 W(0) }E of (oF - ¢}2‘)i Z

k=1 n=l m=1

gﬁ; o5 (0] - 03) og0p B (157)
where
Bom 1 2y

= +
(o #nv)(ege-mw)(e -mv) (@ 4 )@ 4 )el-ntv®
Substituting the same numerical values of the system as given in the previous
example and teking
n= 0.00179 1/in.
v = 1200.0 in/s
¥(0) = 0.475 in°
one obtains

) <x§> = 5.75 in2

ko



<x§ = 2.6L4 in2
2
<Xy Y>> = 5.28 in
XY > = 3.18 1n2
<Z§> = x.éh in2
<z§ = 3,60 1n2

Equivalent Linearization Method (29)

The method of equivalent linearization is an extension of the procedure of
Krilov and Bojolinbov for deterministic analysis of slightly nonlinear systems.
To illustrate this method consider the fcllowing system subjected to a stationary
Gaussian excitation

%+ Bk o+ ud (x + ke (x,%)) = 1£(t) (158)

where both B and Kk are small in some sense such that the system is lightly damped
and weakly nonlinear. Now consider the following egquation

¥+ aeq;‘( + wiq + e(x,%) = £(t) (159)

where aeq is the equivalent linear damping coefficient per unit mass, wzq is

the equivalent linear stiffness coefficient per unit mass and e is an error

term The equivalent linearization method as presented by Caughey selects values
of Beq and wiq which force the mean square value of the error to be a minimum.

Thus, fram the above equation

e(x,%) = (BB, ) x + (mg-qu) X + K wgg(x,fc) (160)
and
Ve . D>
32 ° i 3B =°
Waq eq
giving
<luf - w5 ) X% 4 ] xe(x,x)> = 0 (161)
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<(B - B,) & + kug % g(x,x)> = 0 (162)

where use has been made of the fact that the process 1is stationary; therefore

<xx> = 0. Thus, one obtains

aeq =B + Icwg <;’<g(x,}'c)>/<)'(2> (163)
“’zq - wg + ng <xg(x,%)>/<x™> (164)

If e is neglected in Eq. (159), the response will be Gaussian. Thus,
p(x,%) = "—fi%iz;:;z; exp [-% (—53— + Ea } (165)
2x V<x C(% <).(2>
after taking into account the fact that <x¥> = 0. It is now possible to
evaluate <xg{x,x)> and <xg(x,%x)> in terms of <x2> and <i2> and the mean
square response of the equivalent linear system can be expressed as

« s dw o w2S el
<xg> = f(w) ; <i2> = f(w) . (166)

. 2 242 2 , 2 2.2 2
0 (g -w )7+ (uB,) 0 (wg-w)™ + (wB,)
Substituting seq and “iq as given by Eqs. (163) and (164) into Eq. (166) enables

one to determine the mean square responses. Consider now the example given in

Section 1, that is, take g(x,x) = x3, one cen state that

<rg(x)> =f f ix3 plx,%) dxdk = 0 (167)
Yo YO
<xg(x)}> =f xb’ p(x)dx = 3 =52 (168)
v O
Thus,
Boq = P (169)
and
wiq = wg + 3w§ K <xg> (170)

If the system is subjected to white noise excitation whose power spectral

density function is Sf(w) =8,

Ll



S S
<> = g —-—95— = % —95 (1 +3 <x2.>)-l = ci (L+3 <Xa.>)-l (111)
Pe eq pw

where ci is the mean square of x if g(x) = O and

nS nS
<X2> = -2-&& = -2-5—0 (172)
eq

Solving for <x%> using Eq. (171) gives the relation

1 O / 2
<X2> = EE 1+ 12k UX - l) (173)
considering only the positive root. Expanding the term \/l + 12« Oi,

one obtains the relation

<xa> = 02 - 3k ou
X X
which agrees with the result obtained by the perturbation technique.

Discussion

From the above presentation of the two approximete methods, the perturbation
method and the equivalent linearization method, it is apparent that each method
has its advanteges and disadvanteges in handling the airplane problem of concern
to us herein. The perturbation method, although applicable to problems having
nonlinearities which involve both displacements and velocities, is restricted to
cases in which the nonlinearities can be expressed in terms of polynomials.
Although the spring forces in the landing gear systems can be approximated by
polynomials, the damping forces and the Coulomb friction forces cannot be
represented in that manner These nonlinear forces, however, can be handled
by the equivalent linearization method. For instance, for the system vhose
equation of motion is

X + 7&2 sgn x + ng = £(t) (17%)

one only needs to consider the equation

%+ Bk + w‘gx + e(%) = £(t) (175)
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to see that

N 2 . .
e(k) = x° sgn x - Beqx (176)
and
<?(£p> = <(7%° sgn % - Beqi)2> (a77)
2 .
The conditionms—?—ol yields,
JBeq
o sgn k B > = 0 (178)
eq
or
.3 .
- <z gn x>
Beq <i2> (179)

Assuming the excitation is stationary Geussian, the probability density function
for x of the equivalent linear system is
1

2
. 1 x
W= TE ['%&] (180)

Thus,

<% sgn B> =f y%3 sgn % p(x)dx = 27f %3p(x)ax =_\‘;—§i'22 V&  (181)

o0 21

and

Vo (182)

B = EZ__
eq 1{5;

Now, if the excitation is white noise, for example, one gets the relation

S nS 2n
o - oV

ggf: T (283)
Therefore,
(184)
Hence,
(185)



The Coulomb friction force can be equivalently linearized in a similar manner.
From the above discussion it is seen that both the damping forces and the Coulomb
friction forces in the landing gear systems can be successfully handled by the
equivalent linearization method, however, the possibility of extending the
equivalent linearization method to the case of multi-degree of freedom systems
does not appear to be promising. It is therefore thought that for an engineer-
ing solution to the problem we might first use the equivalent linearization
method to determine the equivalent linear damping coefficients of the nonlinear
damping forces and the Coulomb friction forces for both landing gears consider-
ing the airplane as a single-degree-of-freedom system and then use the pertur-
bation method to perturb on the nonlinearity of the spring force in the landing
systems considering the system as a multi-degree-of-freedom system. This
suggested procedure, of course, neglects certain cross coupling effects which

are felt to be small.
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IV CONCLUSIONS AND RECOMMENDATIONS

As & result of the general investigation reported herein, the following

conclusions have been made:

L8

(1)

(2)

(3)

(&)

(5)

(6)

(1)

A method of analysis has been developed and programmed for solution

on the ITBM T0O90 computer which ylelds the deterministic dynamic
response of alrplanes during take-off or landing in an effective and
efficient manner.

A deterministic dynamic response analysis must be used when predicting
peak response caused by such discrete runway unevenness as is present
at runway intersections and at locations of excessive runway settlement.
It 1s necessary that the effects of the lower flexural modes of the
free-free alrplane be included in a dynamic analysis of any large
airplane during take-off or lending, if relatively accurate results
are to be obtained.

Complete linearization in idealizing the structural characteristics of
large alrplanes can lead to appreciable errors in determining dynamic
response.

Application of the analysis shows somewhat higher peak response for
the T733-94 airplane as compared with the 707 airplane.

A statistical dynamic response analysis using runwey unevenness power
spectral density functions can be very useful in predicting fatigue
life of structural camponents.

The anelyticel methods developed for treating statistically certain
non-linear systems a&are consldered to have direct application in
determining dynamic response of large airplanes during take-off or

landing.



In the interest of alding the SST development program and in aiding future

research, the following reccmmendations are nmade:

(1)

(2)

Deterministic dynamic response analyses should be made using the
latest SST designs being developed and using runway profiles of the
major existing civil airports for the purpose of establishing ﬁore
complete design criteria for supersonic transports and for the pur-
pose of establishing modificatlons to the current Federal Aviation
Agency runway smoothness specifications, if necessary.

Further study is needed to establish the validity of the stetistical
methods of analysls reported herein and to further the development of

analytical methods in this area.
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¥* *
Case A Case B
Peak Mean Mean Peak Mean Mean
Square Square

1| .6384E O1L .5729E-01 .952GE 01 | .6972E 01 .5190E 01 .9628E 01

2| .6514E 01 .3635B-01 .967T3E 01 | .6263E 01 —.6430E-02 .968LE 01

31 .T4O4E 01 -.1184E-00 .1019E 02 | .7O66E 01 -.1283E-00 .99L1E Ol

4| .1328E-01 .2913E-03 .1934E-O4 | .1169E-01 .3660E-03 .8872E-05
X 51| .2199E 02 -.2990E-01 .2861% 02
6| .i475E 01 .8761E-03 .1L435E.00
T | .3542E-00 -.9928E-03 .9513E-02
81 .1126E 01 .2813E-02 .8512E-01
9} .44B0E-00 -.T75T4E-03 .99TOE-02
10 | .3381E-00 ~-.66T9E-03 .59L9E.02

1| .2750E 02 .1644E-00 .2763E 02 | .S5LO0F 02 .1569E-00 .3209E 02

2| .3073E 02 .1178E-00 .26T6E 02 | .3909E 02 .1206E-00 .3653E 02

3| .2488E 02 .1581E-00 .4333E 02 | .L163E 02 .1589E-00 .638SE 02

. k| .6385E-01 .2855E-0L .435LE-03 | .7548E-01 .64TOE-OL .2058E-03
X 5| .1715E 03 -.1094E-00 .1318E Ok
6] .2038E 02 -.7565E-02 .27T08E 02
71 .3614E 01 -.2086E-03 .1O04OE Ol
8| .175TE 02 .3524E-02 .1266E 02
9| .9888E 01 .1058E-02 .3882E 01
10| .1192E 02 .3098E-02 .318LE 01

1| .3516E O4 .3593E-00 .3882E 05 4O960E Ob  L1LLLUE-00 .537TE 05

2 .4913E o4 .B251E-02 .3372E 05 | .335LE ok .2WT9E-00 .PTLTE 05

3| .2202E 03 .3174E-00 .26L5E O4 | .3331E 03 .1531E-00 .L1S6E Oh

.. 4| .3570E-00 .124OE-02 .1192E-01 | .L3LTE-00 -.518L4E-03 .T7819E-02
X 5| .1389E ok .8123E-01 .9LOLE 05
6 | .3111E 03 -.615TE-01 .6930E Ok
71 .8496E 02 .1916E-01 .LTTOE 03
8| .TOLYE 03 -.15T72E-00 .9336E Ob
9| .3393E 03 .1038E-00 .5193E O4
10| .6T43E 03 .5940E-01 .8863E Ok

Up .9638E 01 .34L1E-00 .1438E 02 | .9935E 01 .L4120E-00 .1310E O

ﬁﬁ .3788E 02 .1324E-00 .1401E 03 | .552LE 02 .1087E-00 .1509E 03

Ub .5263E 03 -.T451E 00 .954OE O4 | .4OO9E 03 .554QE 00 .7623E Ok

p 1| -1922E 06 .3646E 03 .2153E 10 | .28LLE 06 .1555E 03 .2755E 10

t 2| .3211E 05 .93L4CE 02 .T608E 08 | .4149E 05 -.2862E 03 .T226E 08

TABLE 3 - PEAK, MEAN AND MEAN SQUARE VALUES OF RESPONSE
Exd
BOEING 707 ON RUNWAY 12

*
Case A refers to the case when all 6 flexural modes are considered, and

Case B refers to the case when only rigid body modes are considered.

All lengths are in inches and time in seconds




Lo 13

Pesak Mean Peak Yean Mean
Square Square
1| .6735E 01 .5458E-01 .9831E 11 .TH10E 01 .5575E-01 .1029E 02
2| .147ThE 02 -.L364E-00 .1TOLE o2 .1165E 02 -.2231E-00 .1525E 02
3| -T950E O1L -.234BE-00 .1106E C¢2 | .T7828E 0l -.3179E-00 .1121E 02
L] .3180E-01 .1720E-02 .4661E-OL | .2547E-01 .1890B-02  .LO15E-0k
X 5| .86LEE 01 -.6262E-02 .S504LLE 01
6| .T590E 01 -.1733E-02 .3137E Ol
7! .2585E-00 -.1272E~03 .26L6R-02
8 | .6691E 00 .1996E-Ok .2120E-01
9| .5295E 00 .2079E-Ok .1443E-01
10 | .1113E 01 .2571E-03 .8636E-01
1|.3690E 02 .8984E-01 .3828E 02 | .5L3LE 02 .1528E-00 .7315E 02
21 .6T83E 02 .2365E-00 .1533E 03 .5990E 02 -~ .6439E-01 .16T72E 03
3| .3376E 02 .1285E-0L .1078E 03 | .L722E 02 .1233E-00 .151GE 03
4| .6223E-01 -.3453E-03 .2436E-03 | .6286E-Q1 .604GE-03 .327hE-03
X 5 .T755E 02 -.2011E-00 .3286E 03
6 | .6500E 02 -.L4480E-01 .2258E 03
T | .3276E Ol -.8260E-02 .5269E 00
8 | .T602E 01 -.4501E-02 .1932E Ol
9 | .7232E 01 .4386E-02 .1T726E O1
10 | .1899E 02 .2527E-01 .156LE o2
1| .5902E Ok .1178E-00 .6854E 05 | .5139E Ok .1526E-01 .T660E 05
2 | .6225E Ol -.1695E-00 .9563E 05 | .6536E Oh -.4592E-00 .95LSE 05
3| .2699E 03 .3244E-01 .535LE Ob | .LOTTE 03 -.1739E-00 .9278E Ok
. 4| .2517E-00 .7613E-Ok .2662E-02 | .3307E-00 .1368E-02 LE56E-02
X 5] .9306E 03 .80O15E 00 .3330E 05
6 | .9012E 03 -.7782E-01 .3968E 05
7| .675KE 02 .U3LTE-01 .2634E 03
8 | .1661E 03 -.9492E-01 .8057E 03
9 | .2091E 03 -.2689E-01 .11LTE 0Oh
10 | .5739E 03 -.1853E-00 .1629E 05
Ub .309L4E 02 .2124E 01 .5504E 02 | .2732E 02 .2391F 01 .5401E 02
ﬁp .9835E 02 .3214E-00 .5843E 03 .B10TE 02 -.5399E 00 .57L7E 03
Up 914TE 03 -.6565E-01 .422TE 05 | .4908E 03 -.16T5E o1 L1656E 05
p 1 .2506E 06 .5062E 02 .L5STUE 10 | .3810E 06 .1635E 03 .8L9CE 10
t 2| .6824E 05 .167T9E 02 .1989E 09 | .T990E 05 .3393E 03 .3LT9E 09

TABLE 4 - PEAK, MEAN AND MEAN SQUARE VALUES OF RESPONSE
e
BOEING 733 94 ON RUNWAY 12

Case A refers to the case when all 6 flexural modes are considered, and
Case B refers to the case when only rigid body modes are considered.

Al lengths are in inches ard time in seconds




APPENDIX 1
CQMPUTER PROGRAMS

. PROGRAM NAME=-PROFILE -

< MAIN PROGRAM

< TME MAIN PROGRAM [NTERPOLATES,ACCORDING 1O THE DATA READ 1IN,

< THE VELOCITYJTHETAL,THETA2 ,AND THE AUNWAY ELEVATIONS AT THE MAIN
[4 AND THE NOSE LANDING GEARS AT EACH INSTANT OF TIME

» LABE(

» LIST

. FOATRAN

CMATN

DIMENSION XT{80),DT{801+M1(303+AN1130)1 V11501 ¢X1(2900)4¥(25001,
1XD(301N2{50) yAN21501+DELI {70001 »X1DEL (2500 ¢X20EL (23001},
ZYREYAI(Z5OOI|YHEYA2IZ5OO).VNE](5°I-TNEz(SO’UVH](SOI-YHIIQOI

COMMON XT+OToN1sANL V1 sX1sVsADIN2+ANZ»OELL s X1DEL +X2DEL» THETAL,
lVNEVAZ;TN!lnTNEZ.VNl"HZpNC-LP.LPP.KFl'NU-NY.NO-NVI.NFZnNFl-NFIl-
ZNFZIoAl.AZpAlAZnNE.KP-lNE-l-J-IY.llan.Ll-LZ'1pllelLZerl.lll-
3XIML VML X13oNNI o XL3sR224J15XJ10d320 11 eDSLOPESX2sLSS s [5ea100Ms
ATXACCHTSLOPY 2 TSLOPZ1KP s MX s [BoKTs1Es KX s XXSINCCouP

CALL xRP

CALL XIN

NTaNT

XKOTINTI/1040

Lisl

12=12

11=11

L2eL2

"

15=1s
LSSeLSS

2 JuM-(17-2600)
TaT+DT(I1)
TXaT=XL1
ACCe{VI(LI+1)-VIILLIIZXTILL)
VIJImACCHTXoVIILLY
TSLOP1a{THEI({L1+1)=-THELILI))/THLILLY
TSLOP2={THERIL1+11-THEZ(LL) )/ INZI(LLY
THETALIJ)=TSLOPL®IXsIHELILL)
THETA2{JI®TSLOPL® | Reihc2iLyL)
XICIIXIMLevMLODT Ci L)+ LALL/doultullidlene
X2=K11JpeALA2
60101000

1001 IFIT—(XL1+XNTAL1I=AR) 110 41nil

11 XLlexLl+x¥itly
LlsLliel
TaT«~DTC11)
PRINT 130sTsXL1sX1iL1}sRK M

190 FORMAT(&Fléabold}

1F(M=NP)2s18:16

10 1F(T=UXT1=XK}}130124122

12 IFL11~NT16:16,14

6 Tlell+l
X11=XT1+DTITL)®ANI(IL)
PRINT 191sTeXIlelleXKsM

151 FORMAT(2F14.6515sF 18,6315

XIMLiaxltJ=1)
YMLEViJd-1)
IFIM=-1T)242418

18 KPeQ
Mx=Me2400-1T
GOTOL?

18 KPal
MxX=2400

17 CALL XPRINT
IFIRP)214921022

21 IF(LP-1123423424

24 CALL EOF{5)
CALL REWUNLIS)

23 CALL EXIT

22 11=17+2400
X1Mlax1(2400)
VM1 =V (2400)

GOT02
1000 XXexltJi=-Xt2

SLOPELIs(OELI{L2+11-0ELI(L2)I/ADLIL)
XIDEL{JI=SLOPEL®XX+DELLILL)
TF(X1UI-1XL2Z+XD(121))100910Us bi0

110 XL 2=XL2+XD{ 12}

L2mt2+1
607101000

100 TF¢XIIJI-X12113Us130sddU
120 1i=12+1

X12=X124XDI 121 #AN2L1LI
60701000

130 CONTINUE

1100 XXx5aX2-Xi3

SLOPES= (DEL1ILSS+1)-DELL(LId)I/AV o}
X2DEL () eSLOPES# XRS+UEL ALILID)
1FIX2-4XL3eRDE151 1100 10LTIL

710 XL3uxtIexd(Is)

L5SaL 8541
60101100

701 IF(X2-X1S1730,730+720
720 IF(IS-NDIT21,14,134
721 1S=1S+L

XISeX[S+XDII5)#ANZ IS}
6010 1100

730 GOTOl1001
END

SUBROUTINE KPR +

14 THE SUBROUT INE XRP READ IN (LUNTHOL DATAsTiMe HlSTOMY OF VELOCITY,
< THETALs THETA2 AND THE RUNWAY ELEVATION AND PRINTY OQuT THESE VAlA
. LABEL

. L1sY

. FORTRAN

CSUBXRP

SUBROUTINE XRP

CIMENSION Xi(:O)-D(‘iUI-Nl(éQD-AdAtJO)nVlliO)-XA(Z;OOI'V(&;UUI.
lXBl’D)-NZl!O)-A“Zl>0ivDELl‘IOOD)-XlDtLlA:UOl-llUtL(‘:OUIi

2THETAT (29001 s THETAZ(2500) ¢ IREL 1500+ THE2(50) 0 TH1(20) 9 IM2(5U)
I COMMON XY-DY.N]-ANI'VI-lltV-chN‘-ANZoDLLlulLUtL-X(UiL-TNETAA-
ITMETAI.YNEII'H!Z'YNIv'NZlNCvLV-LPP'lPl-N?-NY-ND.NFL.NFZ-NFl'nill-
INFRl.Alcl!-lllluNEvNPpthvl-J-lltllrlZ'Ll-LZ-‘-lLl.XLlelA-lll-

ok

!l)“lnVﬁ]|ll3-NN3vlL3-~2£IJl-lJltJAt-JAA|uaLUVL-A¢|L44.la;XlL.N.

LT ACCITSLOP L, TOLOPZ v AP sMX s iUk L alE s karanseNLLISY

2%0
202

203
204

216

232
1

n

21

«

220
221
222

234

235

21
226
22%

226

228
227
229

95

=

READ 203,0P

READ 202 +JP

READ 2024sNCaNCCoLPaLPP okPL NP NI SN sNF Lo NF 2
NPlanPe}
READZO2»(NLIT1eTo1oNT)
READ202+{N2{1)s1u14ND)
READZO3(OT(I)oImlsNT)
READ203¢(XT(I)slm14NP)
READ 203,(Vi(1)s1o1+NP1}
READZO3HIXD(1) s 1ol sND)
NF1laNFl+l

NF21=NF241

READ 203, ITHEL(1)s1=14NF1])
READ 203+ (THE2(1)s1s1,NF21I
READ2034(THL{11sInlsNF1}
READ 20344 THZEIVeiv1sNbL}
READ2034A14A2

NE=]

0025C 1=1,.ND

NEsNF eN2L 11

READ 204» (DELLC(I1s1x1oRE)
FORMAT(1017)

FORMAT(5F 14,6}
FORMAT(BF .4 )

DO 10 TsleNE
DELI(T1=DELLILII®DP

Pl

DO2%1 ls1sNT

MPaMPeNT{ 1)

PRINT 236,NC

FORMAT(7H RUNWAY415)

PRINT 237»NCC

FORMAT{9H ATRPLANEI%)
PRINT 300+4P
FORMAT(BX2HIP 1%

PRINT 2104LP

FORMAT (6X2ZHLP 1%}
PRINT2114LPP
FORMAT[SXIHLPP,15)

PRINT 212:kP1
FORMAT (5% 3HKP1415)
PRINT213,NP

FORMAT (6X2HNP 15
PRINT2144NT
FORMAT(SXZHNT 151

PRINT 215440
FORMAT(BX2HND 4 15)

PRINT 230sNF1

FORMAT (SXIHNF1 .15}

PRINT 231sWF2
FORMAT[SXINNF2,1%)
PRINT216,MP

FORMAT (6X2HMP, 15)

PRINT 217etNLtIdelolsNT}
FORMAT{BXZHNL 4 2015/8X12015/8A04013)
BRINT 218+(N2(1)s131:ND)
FORMAT(6X2HNZ (2015/8X+2015/8A02015)
PRINT 2324 (THItL1sI=1sNFL)

FORMAT (5XIHTHI 2106 1146/8A010€ 110/ 8XslUtileb/0hriUCilonsgrrtutlle
“}

PRINT233,{THZ(I)aI=1.NF2)

FORMAY (SX3HTHZo10EL1e4/8R0AUELJos/BAriutisovs/oariutsbsns8Xelutlie
143

PAINT 2194(DTLIVs1x1NT)
FDﬂHAV(QKZNDY;lOEll.h/al-)OEI1..Ill|l0tll.l/‘l-luill.hlll'lotll.ll
PRINT 220+tXTI1)s(m1eNP)
FORHAY!SXZNXY.IOEI!.#I!IleEll.h/OKulOEll.llIAtlOEll-OIIIOIU(lI.‘I
PRINT 2214191011 s121sNP1)

FORMAT (6X2HV1 s 10E11,4/8X 106 1104/8Xs10t 1leb/BAsI0ELLedr8A010E11.4)
PRINT 222+(XD(1)+I=1¢ND}

FORMAT(SXZHXD s 10E110%/8X o LUEL e/ BASIUELI1ansBANUELLI%/BATIVELL VG
PRINT 234+ (THEI{1)s121,NF112

FORMAT{4KGHTHE s 10EL1,4/BX 210t ile%/BArIUELLea/BASIUELLo®/BAIIVE
1114

PRINKT 235, (THE2([1s[n1sNF21)
fORMAY(blkHYNE)-lOEll-tlllq]OEll-k/&x-10[1l.hl!l-lutll.bl!i.lﬂ{
11146}

PRINT2234A1

FORMATI6X2MAL,ELLo k)

PRINT 224442

FORMATI6X2HAZ,EL1Le4)

PRINT225

FORMAT( LK1}

PRINT226

FORMAT( 4X4HDEL 1Y

INEe 1 ME=11710%1

DO22T T=lolNE

Kel]-1)%104+1

1€13K 3

IF(IEI-NEI22T,228,228

1EL=NE

PRINT 229+K+{DELLIJI s J2K e IET)

FORMATE I To10E11.4Y

AlAZsAl+A2

TF(LP=119%6,954,95]

WRITE TAPE SsNCsNCCoMP(NT)JP

WRITE TAPE S.(ML{I)aIm1(NT}

WRITE TAPE 5,(DT(I)s1x1.KT)

RETURN

END

SUBROUTINE XIN -

SUeX

THE SUBROUTINE XIN INITIALIZES THE INTERPOLATION PARAMETERS
LABEL

FORYRAN

LIsT
1IN

SUBROUTINE XIN

DIMENSION XT(50)+DT(B014N1{50} sANLI(50)sV1(501¢X112500}»V(2500)
1XD(S0)sNZ(50) sANZ {301 +DELLI 7000} ¢ X1DEL (250012 42UEL (25000 ¢
27NEYA)IZ§OO’-'ﬂEYAz(Z’DUI»YNEI(’OI-'NE?(5BI-|Nl|$u)-lﬂll§0)
COMMON X'-DY-NX-AN)-Vlvll.V-lD-N‘-ANl'UELJ-llulL-Xtu;L-|nc1AA-
lTNEYAl-VHEl-VHEZ.YleYNZtﬁk-LPchV-IVApNVcNI.ND-NFA-”"-N”A'NFLA-
IN'Z)-AI-AZ-AlllcntnNP-INE-K-J-IItll'lZlenLZ.l-lLl-lLl.All'lllp
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612
100

+eeve
.

rees
<
<
.
.
.
<

SuBxX

100
101

19
5

°

152
151

162
161

192
191

892
a9

IX1MLeVMLoKI3aNNI XL oN22+)10XJ1 0 121 d11005L0PE 4R2eL 350150k 15 My
STXoACCHTSLOPLTSLOP24KP s MX 3 1B oK T ) 1E 1 XX o XXS oNCC v P
1722400

fl=1

12e1

L1=1

Lz=1

T20.0

XL1=0.0

XL2%0.0

DOL | =1NT

ANLLT)=N1(T)

DO3 l=1,ND

ARZt1)sN2E )

X{1eANL(1)@DTE1}

X12=AN2(1)#XD{1]}

Vilravicl)

X1(1)20,0

XIMlex1i1)

VMlev(1)

THETAL(1)=THEL (1)

THETAZt1)=THE2( L)

XIDEL (1} =DELL(LY

X1320,0

NN3=0

XL3%0.,0

DO 612 J=1eND

N22eN2(J)

DO611 J1=14N22

XJleJl

TFEALAZ=(XJISXDIJI4X13)1 161028105611

J12=J1¢1+NN]

J1ledleNN]

DSLOPE®(DELL(J12)~DEL1{I1)))/XDLI)

XZDEL (1}=DSLOPE® (ALAZ={(XJI=1a0)*XDIJI+X13}14DELLIIILY
6070700

XL3exL3+XD1J)

MN3aNN3SN2E )

X13aX13+AN21J1®XD(J)

COMT INUE

X2vA1A2

L55=J1+NN3

15=4
X1SeXI34AN2(19XD( )
Ma2
RETURN
END

PIIEILI0040000400 000004
SUBROUTINE XPRINT +
+44Ee00e0tttrrstIttIe0s
THE SUBROUTINE XPRINT PRINTS OUT THE RESULTS OF INTERPOLATION
AND TRANSFERS THEM ONTO TAPE

LIsY
PRINT

SUBROUTINE XPRINT

DIMENSION XTI301,DT1501sN1(S01+ANL(501,¥1(50)¢X1{2500) V{2500,

1XDI50]+N215C1)AN2 (S0 4DELI{T000) s X1DEL 12500) yX20EL (250074
ZTNEYAI(ISODI|7N€Yl2l25n0YtVNEl(50)-YHEZlSDInYNlISO)»YNZI&Ol
COMMON XTsDToN1sANLsVL XL sV oRDoN2oANZsDEL ] ¢ X1DEL »X2DEL s IHETAY,
LTHETAZo THEL s THEZ 4 TH1 s TH2Z oNCoLP o LPPoKP 1 NP (NToNDyNFLsNF2Z NP LoNFLL,s
ZNF2Z10AL1A29ALA20NEsMP 4 INE sk syl oilal2sblaldsd sALLsALLIAlLoX]2s
!XlNl-V”l-llJ.lNJ.lL!.NZz.Jl-XJan)Z.Jll-DSLO“E-XZ»L&&-I:.XI:-M-
‘Yl-ACC.'SLOP).YSLOPZ«KP.HX.ll.l'.l[-ll;lls-NCC.JP
1FILP-1150,50,18
JQ=uP
NQ= {MX=11/JP+]
00 19 lsl.Na
1F(I-NG11014100,101
JOaMX-(JP®ING-1})
JNE(T-1)%0Ps]
JNN=(1-1)*JPaJ0
HRIYEYAPE)¢((V(Jl-TNETAllJ).VHEYAZ(J)-llDEL(JI;KZDELIJI);J-JN.JNN)
CONTINUE
IF(LPP-1)50,50,51
PRINT 22%
PRINT 150
182 (MX=1317(10%KP1) e}
DO 151 [=1,18
Kstl-1)®KPlelQe]
KTaK4(17-2400)
TE2K+99KP]
TFCIE~MX)1514152,1%2
TE=Mx
PRINT 1604KT4iViJ)sJoKs1E4KPL)
PRINT 228
PRINT 170
DO 161 [=l,18
Kaf]-1)eKPle10+1
KTeks([T=2400)
TExK+9exp]
TFCIE-MX) 18141621162
TEaMX
PRINT 160+KTeiX1tJ1sdsKslEKP])
PRINT 225
PRINT 180
DO 191 t=1,18
Ke{l-112KP1e10e]
KTeK+([T-24001
1EeK+9eKP]
TFUIE-MX1191,192,192
TEwMy
PRINT 160¢KT1(X1DEL(J) o I3k 41E,KPL)
PRINT 228
PRINT 181
DG 891 I=ls18
Kel[-1)8KPle10+1
KT=K+(]T-2400}
1EoKsgoKpP]
TFLIE~MX1891,092,892
T1EsMx
PRINT 160+KT,{X2DELIJ) ) JaKofEKPL)
PRINT 225
PRINT 182
D0 901 [wly[B
Kall-])®KPle10s]

902
901

904
903

150
160
170
180
181
182
181
22%

KTeKo(17-2400)
IEaks9oKP)
IFTIE-MX)1901+90249G2
1EwMx

PRINT 160+KTs(THETAL (U} s tuks1E,KP])
PRINT 2258

PRINT 183

DO 903 Iwvl,18
Ka(l=1)®KP18}0e]
KTeke(1T-2400)
IExK+geKP]
TFITE-MX1903,904,908
1E=Mx

PRINT 16CsKT4(THETA2(J) s JsKs1E4KP1)
RETURN

FORMAT (TX1HV}
FORMAT1%93X010E1Le4)
FORMAT{ TX1HX 1
FORMAT{3XSHX1DEL)
FORMAT { 3XSHX2DEL )
FORMAT(2X8HTHETAL )
FORMAT (2X6HTHETAZ)
FCRMAT (1K1}

END

95
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50
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81

63
13
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s
PROGAAM NAME -RESPONSE .
ns saeens

veouny
THE PROGRAM RESPONSE COMPUTES THE RESPONSE OF A[RPLANE

OHERATING ON RUNWAY

MAIN PROGRAM

THE MAIN PROGRAM MAINLY DETERMINESIAT THE BEGINNING OF EACH CYCLE:
WHICH SUBROUTINE SHOULD BE USED TO CALCULATE THME RESPONSE OF THE
ATAPLANE DEPENDING ON wHETHER THE LANDING GEAR(OR GEARS) IS

LOCKED OR UNLOCKED

LABEL

FORTRAN

Lis”

DIMENSTION 211222001 +Z10123200000ei 125200 et didndu0)sluldly

1UL21200) 0011220030021+ 20U1sudlidrdunlswsid)sdi2ad00)s0l202U000
251(2+200155212+2001+F 1242001 0FS121400) »FUL2edUl)sFLid)sdi2r2000s
IFST 202001 XL 120200 e THETALZ»200 1 sUELTALZ2Z00 v i1 s25T120vm(3)s
CSMAXI2) i XME1Z) o XCI12) +OMEGALRZI0FELLIZa )0} o XRT 12D aNFII2) 1 XR51E21
BXKS212) s XFSE2420) DS 20201 sADI VLI 9ARDI LI INGIIZ) 1AGIZHBT] sROS (L}
BDGI 22801 s MXGSI21+XA 12 1aXBU1I2) s ALA(LLIsARBILE)o3LIALIIPLLiiL)S
TPCI L2 IXFCI1 29121 o XFC2I120 1210 XMCLI Q201 g) »AMCLLIar i dT vAMCIILLridt s
BAMCHl12+123 9 KCCI22+12) s XCC20120120 0 kK 2ava2) 1 ARCLL LLriais0TiOUY
GNLES0)eGLIZIaGEE2)9USTI2)02ZST 21 9XMC(12412}

OIMENSION ZIN(LZIoZYINTL212Z2INCI21e2IINCI)SUINIZ) P UTINIZY Y

TUZIMEZYUBINIZEoSTNC2) a8 INI21aS2IN(219FINI2122Z0INIZIIFSINIETy
ZFSTIN(ZIWFDING2I pXMELEIT1291210XMEZT12432)0XMCTL1201200
IXMCHTE124121HXNKT(2)

COMMON 2421422423243 UsULaUZiUdsus42045:81452+0FaFSeFOaFloXi ks

IFST I THETACOELTA Vs AST s SMAX ) XMy us KCoUMEGATFE s ART INF3 e XA 1o XRDLoXFSy
205 ) XO5 s KXDSeNGS e XG DG IXGS s XRUS s ARy XBaXLAIAKDISLIFLIFCLIRFCORMCLY
3XMC2y XMCY s XMClo s KCCHRCC21 AR 1 KKCZr ST N1 auL s s MM ALR s LFF o hP sRPP 4 P
GMPL, I T1oKPL e NMODE o NPT eNMuXLAMDA e XL11oXL122AL21 0 ALZZaNFIL1INFS2,
BNFSIToNFS21oNGEL o NGS2aNGSTLaNGS21 oNT s kK KKK MMl oKL oK LA oS0k
BKYYIKX KK KXZol Ty Il gl aNRydXoJXX oGy XFCQKD I ROD I KWIKWNoZST UST XMy
TLINVZLINGZZINGIIINSUTNPULINIU2INGUIINeSINGSTINIS2INIFINIZOIN,
BFSINGFSTINIFDINGXMCLT o XMC21 s XMCIT 0 2MCL [ 4 XAKT 1 FOST1ePB0T2

CALL XREAD

CALL XPRINT

CALL MASS

FS5T1mF5(141)

F55T2eF8(241)
TF(KWn=1)850,8%3,83)

WRITE TAPE 63NCaNCCaJP o UPLNT JNMODE
WRITE TAPE 63 INLIK}4K®1eNT)
WRITE TAPE 64+iDTIKIsKa1sNT}
ITelTi

IL=uP

Tel

NEON1{L}

CALL

TFilL-2%JP1811,810,811

FALY

GOTO®12

Jy=l

00220 JeJYJXX

Jiss

MeJeile-290P)

MlaM

TFIM=NX}803,800,801

P=l+l

NxaNX+eN1i1)

CONTINUE

DOk el 4NMODE
XAIR)@ZLIN{K)$1DTI11/2e0) #23INIK)
XBIK M2 INGL)DTET P2 IN(K o ((DT(T)®82, /30 eZ3INIK)
ALTLeJliwiXL1L1eXL 120 THETACLsUL) ¢ZINTYIIRVIIL I #®Y
ALt 2eul )i XL2eNL22%ITHETACZ U1+ ZINLGY IS 1 J1 1002
PFLUITNGLI=Z1INIT 11200155100
TFELIINGZI=ZLING2) Y iuve syl
TECFINGII=ELL115Cbua4y
PFOFINEZI-Fl1211e2s6104]
DO Kwls2

FrEy LbeF LK)

CALL C1

DO12 xwl,2

UG (K suliK Sl

oK) =21(Ky 1)
CaLL Bl
6070260

TF(FINIZISFLI2) 063043040
FileJildasFlcl)

Fl2,01)==F112)

caLL 1

uatlysulilsdly
Zeilyeziilagly

Uk (21e21829J1)
2612120112,51)

CalL B

GOT22C0

FladlIeFli1

KZ=]

K22e2

KEPa)

CALL C34

etl)eUlilaJdly
[ZI3NETS U NY3S}

Kxlel

KXZ2e2

XDDel

CALL 82)
6070200
IFIFINELI+FLI111604860070
IFIFINE21=F112)162161461
FtisJlla-Fl(1y

Fta,JliafFie2y
CALL ¢l
ustlreZiclsily
Zatlymuliledl)
usi2yeulize i)
Ia{21821(2441)

CALL 81
5070200
IFIFINI21+F1(2)163063:64
DC1I Kwls2
FiKyJLlria=F1{K)
CALL €1
DO 1a Kal,y2
ety =2iiKaJl)

14

(Y

70

T2
3

90
92
100
102
110
120

ZéatKimULlinedl)

CALL Bl

6370292

Frledlyim=Flily

(Zwy

Kile2

KPPu]

CALL C34

UatlyeZliledly
zetlraulilsdby

KXim=]

Kx2e2

KDDa}

CALL B23

GOT0202
FFIFINGZI-F1i21172+71s71)
Flavdl1=flt2)

KZ=2

X12el

koPe2

CALL 34

Uet2ymili2edly

L4t 2)e21l 251}

KKla2

KX2a}

KODa2

CaLL 823

GOTO270
TFOFING(21IeF1L211 735734 4
Flaedlym-F112y

Klw2

Kliwl

KPP=Z

CALL C34

Lei21e21i2401)

16t 2)sUli 240

KXxlw2

Kx2e}

KDDea2

CALL B23

6010200

caLt <2

CALL xa3

cepJor iy
[FreINTII-F111119206) 901
IFIFINCLI4FII1) 15181470
TFUFINELI-FL111102463,43
TFCFINCLI4FI1i1163463,73
TFOULINIZI-ZLINI2116T,4044])
TFCUlINI2)-Z2IN(23263,60061
DCZUY K=lsWMODF

TINGK 2K TS

PR LILSETARE WIS}
ZZIN(RISTZHR D)

ooy
.

CINCE G aUtF U
[ AT S L S
GLIRIXRI2iX e

UBIN(E 3 =iiRiKr .y

SINLE J251F I
SIINIM)eST1EKe )

SEINIK 520K J)

FINIK 12FIK ot

FSINIX IxFSiKsJ}

FSTINIC sFSTIK,Jy
FLINIK 1 @FDIK e J

S LIESE{old SR
CORTENUF
TFiRwn-116G04600 4631
Chue (aTtaxny ILyNMEDE 2 s214224234F5T)
w1 1ECT e ET20200
thiL YPRINT

VE LN L -G =ME 705020072000
1F (Kww=112N0701,2071,2002
TALL FOUFI6T

TRLL PIWUNL(&}
(FIKJ-1120713.2006:2003
CALL REWUNLLS)

Ll ExtT

END

P R T T IS TP T Y PR PR
SUBRCUTINE XRZAD .

L T T

4

Aaae

XREA

302

HEAD IN CUNTROL DATALAIRPLANE CHARACTERISTICS ARD INITIAL
CONDITLUNS -

LABEL

FORTRAN

Lrst
0

SUBROUTINF XREAD

DIMENS 20124200192 100202001022012420015230129200102412)s
LUL2+2C01eul123205319020252001 00310202001 Ukt2)s201221200305124200)0
2510242061 55242v220)sF (212071 vFS(24200)sFDt2420010F112)140124200)

IFSTE242NCHsXLI24200) s THETALZ2+260)2DELTAI2420N1,VI(200)9X5TI2)49(3 )0

GSMAKEZY sXME12)aXCL12) 2OMEGALL2) o FELTI2010) s XRTE21WNFSI2)9XRE112)
SXKS20212XFSI25201sD50202014XDSI2)4XX0SE2)NGSE21eXGI243N)aXGS(2)s
BOGL2e5% 1o XKG(2) pXALE210X30121 3 XCALL2) ) XKAE12)45C11219PC1012)

TRCUL2 W XFCILZ9 121 o XFC2I 1201219 KMCLE12402) 4 XMC2012412)9XMC3012412)

BXMCL 1201209 XCC112002) 0 KCC24 20321 XKCI12002) o XKC211241234DTI50)
GNLIST 0112105121 sUSTI2Y 25T (21 9XMCI12412]

DIMENSION ZINIL12) 02 IN(22) eZ2TIN12)aZ3INT1Z2) s UINI2ZYoULINGZ )
TUZINC23 U3 IRE2)aSINI2T o SIINGZESZINSZ)  FINI21e20INI2)0FSINI2)y
ZFSTINIZIFDINI2 ) pXMCLTI(12012 o XMC2T 0122121 XMCITE1201200
IAMCLT 112912 9 XNRTC2Y

COMMON 2521422+23+260ueUleUZoU34U02204%505195200eFoFSaFDFlaxL ok,

IFSToTHETASOELTA vV aXST s SMAK 4 XMy W o XC o OMEGA ) FEy KK T 4 NFS o AKS 1o XKS24 XFS s

205+ XD+ XXDSINGS 1 XGsDGIXGS e XXGS s XA KBy XCAYXKR ) SCyPCOPCI o RFCoXMCT
IXMC2 o xMCI oMby XCCXCC21XKCXKC24DTANI GG PyLPLPPKP KPP, P,
OMAL G IT1 (KPL o NMODE ¢ NPT oNM o XLAMOA XL 1o XL12)XL21 o XL224NFS1aNFS2s

BAFS511aNF521sNGS1 1NGS2INGS11aNGSRI aNT s &K pKRK  MoM ] UL 3K ZZ 4 v J1 4RV

BEYV KN aRAL oKX IT oIl ol oMK s X e IR 4G XFC2,KD KI0 oKW oK wiwsZST sUST 1 XMCy

TZINGZIINGZZTIN 23 NG UTNGULINSUR TR UBINGSINGSLIN,SZINGFINGZOTN,
BFSINGFETINGFOINGXMCIT e XMC2 T o XMCI Lo XMCH |2 XXKT

READ 302+LPsKWsKWWIKJ

FORMAT(1461S3)

IF(RJ=11801+8C0+601



600 READ 3024NCNCCoMPHNT
READ 802, {M1i1)slm],NT}
READ 5084(0T(1)sTm1,NT)
GOTO 603

601 READC TAPE 5)NCoNCCoMP +NT 4 JP
READ TAPE 34(N1(11elmloNT)
READ TAPE 3, (CT(I)slelsNT)

603 PRINY 3015NC

301 FORMAT{7THM RUNWAY,14)
PRINT $034NCC

$03 FORMAT({9M AIRPLANE»I1%)
READ 5024MP141T1.4KP1
IF(MP-MP1) 508,3051%06

$0% PRINT 507
CALL EXIY

907 FORMAT(22HMPL 15 GREATER THAN MP|

506 READS084Ge(W(I)alnly3)

508 FORMAT(5F14.6)
READ 502)NMODE NPT
NM= NMODE - 1
READ SGB, [XM[J)yJalsNMODE)
READ S184X4{4)

518 FORMAT(E16.81
READSDB + XLAMDA
READS0B 4 (OMEGALT )+ 131 s NMODE )
DO 510 T=1,NMODE

B10 XCUI)mZ OPXLAMIAXM( | ) #OUMEGALT )
DO 515 J=1,NPT

315 READSO8,(FE(1,J141a1(NMODEY
READ508,(UST(13425Ti1)alw1,23
DO 511 I=1,2

S11 XSTC13aUSTLII-ZST(])
READSOB s tSMAXIT11wls2)
READSOB s {XKTUIY FLl(l)slmls2)
READSOB XL11sXL120XL219XL22
READ 3024{NFSI[)sluls2y
NFS1aNFS({1)
NFS2aNFS(2)
NFS1lunFSle)
NF52]1=NFS§24+1
READS08y (XFS{lsJ)sJslsNFSL1)
READS508+(XF5(2,J) s a1 4NFS21)
READSCA,1TS(1e)) s Jul s NFSLT
READSZ84(D5(2, ) s Jx14NFS2)
READ 502, (NGS(11s1x142)
NGS1zNGSI1
NGS2xNGSI2)
NGS113NGS141
NGS21aNGS241
READS084(XGI14J) s Jm1sNGSLLY
READSDBe (XG(242) s 21 1NGS21)
READSNA, D514y 1 dx1aNGS])
READ5085(DGI2sd s Jxl1NGS2)
DO 52C1=1sNMODE

520 READ S9852(19119210T41122201011423( 1)
DO 512 I=1,2
Utlily=0.0
Ulila11%0,0
U2U1411%040

Udtlsl1a0.0
DO 512 J=3sNMODE
UELa1)=20 e 1IFELSy L) *ULTal]
LI 10 xZ1tJs LIMFELS[IsULTT,1)
UZEDa 102220401 1%FECI 312021101

512 U3MT14109Z30 0 11RFECJs 11403101}
DO 513 I=1y2
StIsdymUllal)=2E1s1t4X5T¢ 1)
SLeTalreUltlala=21¢Ts1y

S13 S2(1s1)202( 141 )=22¢14s1)
D05211=142

521 READ SOBsF{Isl)aZ001al)aFStlalbsFSTIIs1IaFD(Ts1)
00100 121,NMOOE
ZIN(TY=ZUTa1)
ZLINCTI=Z10T41)
I2INET132201,51)

10G 23INt11s2311,1)

DO101 I=l42

UINITI=UCTs 1)

UIINC I sUL el

UZIN(])=U201s1)

U3INCTIsU3t 1)

SINCI)aSt1s1)

SLINCII=SI(Te])

S2INCI)I=S2tT411

FIN(IYaF(1,1)

FSTINCIYFSTI41)

2OINCT)YnZO( a1

FSINCII=FS(141)

FOIN(II®FDil41)

RETURN

END

10

R e R T PR PP PT PO
+ SUBROUTINE XRP +
D R 2SS ST S TR TORPPYy

READ IN FRCOM TAPE AND PRINTS INTERPOLATED TIME HISTORY OF AIRPLANE

VELOCITY THETAL, THETAZ AND RUNWAY ELEVATIONS AT THE MAIN AND

NOSE GEARS

LABEL

FORTRAN

LIsST

XRP

SUBROUTINE XRP

DIMENSION Z(125200)+21112+2003+22012+2002923(12+20035241(23
1U122200)09U102+20039U2(24200)9U3125200)sU4(2)+2012+2001»5(202001%5
2511202071 052020200)F(24200)3F512+200)4FD{2+200)12F1121,G125200),
IFSTI242001 XL (202000 s THETAL2+200)+DELTA(Z4200) oeVI2001»XST(23 oW {3}y
ASMAXT2)pXM{121sXC(12)vOMEGALLI210FELLI2)1009XKT(2) sNFSI21sXKS)12)y
SXK52021»XF512420)905(2420)9XD5(2)3XXDS12)sNGS(2)1XGE{2+5019XGS5(21 s
G0GI25501 4 XXGSI2) s XA(L12)9XBL12) 4 XCAI12) »XKBI12145C(12)4PCILL21,
TPCI12)oXFCH12012) 2 XFC2012022)9XMC1E1201213XMC2(12912)9XMCI{ 12,1280
BXMCAE12012)9XCCH12402) 2 XCCR(12012)9XRC 1129121 9XKE2012422)90T(500
IN1(50116142) 9065121 sUSTI2)+25T12)4XMCE12,12)

DIMENSION ZIN(12)92Z1INE12SoZ2INC12) 423 INII2)SUINC2)WULINE2) s
TU2INEZ) o U3INI2)STNIZ ) eSTINEZY o S2INC2) sFINIZY2ZOINI2}oFSINIZ)
ZFSTYN(Z)pFDIN(Z\-XMClll12»12)tXMCZI(lZOlZI-XMCJIlXZ-IZ)-
3XMCATI(12+12)»XXKT12)

COMMON Z29219220234265UsULrU2sU39U4020451510521Q0FrFSoFDeFisXL oKy

Nnexwsncnn

718
T2s

720
150

74
77y

778
710
800

801

802
795

+rets
+
‘e ees
c
.
3

*
CXPR1

520

52

~

1FSTOTHETAGDELTA SV XST 15 AAX X aw e XCoONEGASFE XK T \NF 3 XKS1 2 XKS24XFS s
205 XD5 e XKXDSoNGS s XGaDG1XG5 1 XXGS e KAIXI o XCA XKD 4 SCyPCYPCLyRFCoXMCL o
3XMC2 9 XMCI o XMCL g KCCHXCCZ WXL XRC2 DT NI 451455 ¥P LR LPP kP kPP, D,
SHPL, TTLeKPLyNMODE yNPT o NM  XLAMDA  XL1T4XL124XL 21 4XL22 (NFS1INFS2,
INFSLILGNFS21 oNGS1oNGS2aNGS11aNGSZIsNT oK KKK oM 4M] K2 4221 sl oKV
EKVY KX sKXLoKK2p I Totls LaNXsIXsIXXsGIXFCZIKDoKDD o KmaKkwn s 2 SToUST 4 XMC s
TZINGZLINGZ2INGZIINOUINGULINIUZIN U INISINGISIINGSZINGFINGZIOING
BFSIN)FSTINy)FOINs XMCLI o XMC21 o XMC3 ] 4 XMCl] » XXKT
TFUIL=1TI71847154720

[F{IL=MP1)725:725,730

JXXe P

6010710

JXX=MP L= IL=-JP)

GOTO710

TFCIL=MP1)7404740,750

JXXAMPL-1T

1TagvayTl

GOTO 710

JXX= P

ITe1TaITY

GOTC T10

PRINT 771

FORMAT(1H1)

PRINT 772

FCRMATHTXINV)

Nwel

D079) Nx1suxx

QUlaNI=VING

NE=(UXX-1)/1108KP1}+]

DO773 Nx14NB

ND* {N=1) #4521 #1041

NFEND+(TL-JPe2;

NYSND#G®KP]

TE(NY=UXX1773,776, 774

NY= XX

PRINT TTBNFatQUL NI 1 oNZaNDWNY 4KP1 )
GOTOI90D,901490249035 7951 aNw

PRINT 176

FORMAT (ZX6MDELTAY)

DO792 NmleJuxx

QUleN)=DELTA(LIN}

Nws2

cora798

PRINT 779

FORMAT(2X4HNFLTAZ)Y

DOT9IN21 4 JxXX

QULANI=DELTA(24N)

Nw=3

6010798

PRINT 782

FORMAT(2X6HTHET ALY

00794 NxlyJxx

CfLaNITHETA{ L 4N

NWed

50T0798

PRINT 7813
FORMAT(2X6HTHETA2)
DOT95 Nzladxx
UELaNI=THETAL2,4N)

Nwes
COTOT98

FORMATUIB410ELlLecy

1FIK)-1180148C0,801

READ BO2s(VINIaNz1,UXX)

READ BOZy(THETATL N Nz oUXX}

READ BN24(THETAL2sNIWNEl v JXX}

READ BNZ24{DELTALL NI aN=1»IXX}

READ BN24(DFLTAIZy NI N=14JXX)

IL=tLeup

GOTO 770

READ TAPE 54 iv(N) s THETACLNI o THETALZ NI GDELTATLIN) sDELTAI24NY
IN=1y XK

IL=ILsyuP

GOTCT I

FORMAT{5F16.61

RETURN

END

D S LT
SUBRJUTINE XPRINT -

R T s ey
PRINT OUT DATA READ IN vIAa SUBROUTINE XREAD
LABEL
FORTRAN
LIST

NT

SUBROUTINE KPRINT

OIMENSION 2112+2001421112+2001822(12+2000+2301124200)92412)
1UL252C03U1(252000,U202529212U302+200)9U6121+20124200145(252001+
25112,2001052025200)4F 1242000 0F 50202001 ,FDI2+2001+F 102140242001,
3FSTE202001 1 XLI20200) s THETAI2020019DELTALZ242001sV1200)»XSTE21,43130s
4SMAXL23aXMEL12) o XCO12) »OMEGALL2)sFE(12410) eXKTEZToNFSIZ)oXKS1(2],
SXKS242) sXFSI2s231 905020270 +XDSE210XXDS(2) aNGSI210XGI2050) $XG5(2)
G0GE2450) 4 XXGSI2) o ¥AC12) 2 XBII2) s XCACL2} oXKBE12)2SCH12)4PC1M1204
TPCUI2) 3 XFCE1201200XFC2012012) 9 XMCLIL12112) 4 XMC211251219XMC3(12012) 0
BXMCU(12412)3XCCL12012) s XCC2012012) »XKC112422) 0XRCZ11241213DT(500
IN1CE50)1 46162096521 0USTI2) 1 2STI2) 1XMC(12912)

OIMENSION ZIN{121eZ1INC12)422INE123sZIINCI2)0UINI2Z)ULINE2]
TUZINC2)oU3INT2)9STNI2) o STINEZY 9 S2INIZYoFINC25 s 20IN211FSINI2Y,
2FSTINI2}aFDINE2) o XMCLT(32012) 9 XMCZI1124102)9XMCATET201200
3XMCAT(12412) 4 XXKTI12)

COMMORN 2921422423526 UsULsU24U23UG320050510529Q0FoaFSeFDaF1eXLoKJy
1FSToTHETAWDELTA IV IXST A SMAK XMW e XC o OMEGA S FE o XRT o NFS s XKS1 1 XKS24XFS s
205 X0S 9 XXDSINGS +XG9DGeXGE s XNGS s XA XByXCAWXKB 9 SCyPCaPCY s XFCoX¥C1,
3XMCZ o XMC 39 XMCH e XCCoXCC2oXKCoXRCZ1DTINL1GLoGS s MP Y LPILPPKP KPP 4P,
AMPLyITYoKPIoNVODE sNPT s NMoXLAMOASKLI1 o XL12oXL 214 XL22sNFSToNFS2,
SNFSL11sNFS21aNG51 sNGS2rNGS11 oNGS21 o NT (KK sKKK 4MoM] 4KZoKZ2Z s 010KV,
EEVY oKX oKX L oKX29ITo 1Ly [aNKoIX v IXXsGeXFC2oKDsRDD oKW oKWW4ZST sUST yXMC s
TZINVZLINGZ2INGZITNGUINIULINGUZINIUIINGSINGS L INGS2INVFING20INS
BFSINyFSTIN)FOINSXMCI o XMC21 0 XMCIT o XMCH T 4 XXKT

PRINT 520

FORMAT { 3X2HMP , 3X26NT 4 2X3HIT1» 2XINKPL )

PRINT 821 ¢MPINT41T14KP1

FORMAT(2015)

PRINT %27

FORMAT(3X2HN1)

PRINT S521¢(NLCI}alal,NT)

PRINT 523

97



52

-

s24

82

527

-
~
-

2

-

830
331
832

83

[}

-

FORMAT[IXZHDT)

PRINT 324,10T(1)aIn1¢NT}
FOAMAT(9£13,5)

PRINT 329

FORMAT { 2X SHMP] , 3X2HJIP » 2X SHNP TNMODE )
PRINT 521.MP1,JP NPT INMODE
PRINT 326

FORMAT (6X1HG s 1OXGHXLAMDASEXAMW (1) +9KANW (2] 1 FX&HW(3))
PRINT 526G, NLAMDAS (W(I)sluls3)
PRINT 327

FORMAT | SX2HXM)

PRINT 5241 (XM{])e1s14NMODE)
PRINT 520

FORMAT (X2HXCH

PRAINT 324+ (XC(1)e1m] NMODE?
PRINT 529

FORMATY ( 3XSHOMEGA )

PRINT 3260 (OMEGAL] 1@l oNMODE)
PRINY 330

FORMAT L SXZHFE )

00 531 J=1+NPT

PRINT $26s{FE(1rJ)e]nlsNMODE]
PRINT 532

FORMAT [4X3HUST ¢ 10X IHZST 5 10XIMXS T+ LOXGHEMAX s 9X IHXKT )
00 933 lels2

PRINT 5264USTII1eZ5T(1)eXSTII1 SHAX(T) XKT (1)
PRINT 334

FORMAT (4XHXL1) o 9XKGHXL12 2 IXMHXL21 0 OXOHRL22)
PRINT $24»XL11sAL1Z¢XLZ10XL22
PRINT 93¢

FORMAT{3IX3HNFS)

PRINT S21etNFSLINa1ole2}

PRINT 536

FORMAT (IXNBRNESL, 1)

PRINT B2us iXFSIlal1a[®1eNFSILY
PRINT 537

FOAMAT{IXBHXFS(2r 1)

PAIRT 205 XFSI2vl1e10)sNFS2])
PAINT 93

FORMAT (3XTHDS{1s 1}

PRINTS24, (0S(L1elralnlsNFSL)
PRINTS)IS

FORMAT(IXTHD5(20 1))
PRINTS26s(D5t241)41a12NF52)
PRINT 340

FORMAT ( 3X3IMNGS )
PRINTB214(NGSIT1s1"1s2)

PRINT 341

FORMAT(3XTHXGIL1s 1)
PREMTS20,iXGI1s1slalaNGS1)
PRINTS62

FORMAT [ 3XTHXG(2p 1)
PRINTS52451XG(2s1 19181 ¢NGS21}
PRINTS4Y

FORMAT (3X7HDG(Ys )
PRINTS524,(06(La1)s1m1NGSL)
PRINT 544

FORMAT(3XTHDG(2s V)
PRINTAZ4,10G1241)s1519NGS2Y

PRINTSAS

FORMAT{OXIHZ s L 1X2ZHZ1 41 1X2HI20 11X2HTD)

DO %66 |=1,NMODE

PRINT $242Z(1o134230001102210030eZ34101)
PRINTS&7

FORMATISXIMUy11XZHUL» 11X2MU2+11X2HUY)

DO 548 fuls2
PRINTBZ44UtTe1)oUllT+1)oU20s1)euUdilal

PRINT 349

FOAMAY (S X1HF s 11X2HZ0» L 1NZHF5 4 JOXIHFST» 11X2HFD)
00850 912

PRIMT 52647 (15110200101 (FSUI,11sFSTUIL134FOtT2)
RETURN

ENO

SUBROUTINE YPRINTY +

-

- e N

98

PRINT OUT RESPONSE

SUBROUTINE YPRINT

OIMENSION Z¢12+2001s21¢12+2001+22112,2001+23(124200112812)0
lU(Z-ZOOIle(ZolOO)-UZ‘Z-ZOO)lUS(lleﬂ).Uh(ZiulO'ZvZOOI-SIZOZOO)-
15}!2:100!|$Z|lol°0l-‘(2-100loFSIZvZOO)-FD(!-ZOU)vVllZl-OlZ-IOOlI
!FST(I:?OUInXLlZ'ZOOI.YHET‘I].ZOO)-DELVA(!!200!-V!ZDO).XS"!)wH(!)c
SSMAXE2) sXM{129¢XCL12) +sOMEGAIL2)0FEI1Z910) s XKTE2FoNFSL2)aXK5112)y
!llsllllanSlZ.ZOltDS(Z.?ﬂInXDSlZ)-!lDS(ZI|ﬂGS(2)-XGIl-SO)'lGS(Zl|
6DGI2,30) »XXGS(2) s XALI21,XB(121eXCAL12),XKBI121»SCI12)4PCIL1210
T’C(lZlilFClll-li)-lr(!(lltlZ)-lHCl(lZ-l?lclNCl(lZle)-lM(!l)ZylZlr
IKHCQIl!-l?)-l(((llclll-XCCZ(ll-ll)vl!(|lZ-lZ).l(CZ(lI-l?lvDTl50l'
ONLI50)+61L21 G2 +USTI21425T(2)4XMCI12012)

DIMENSION ZIN{12)s2Z1IN(12)422INC12)+23INI12)oUINIZISULING2)
JU2INCZ)JUSINC2) +STNI2YoSIINGZ)4SZINIZIoFINIZ) sZOINCZIIFSINIZ)S
2FSTIMI2) o FOINTZ) +XMC11122012)4XMC2T112412)0XMC3T112412)
IXMCHTI124121+XXKT(2)

COMMON Z,21,22,23+24sUsU1eU2sUIIUS 2095051152000 F1FSIFDIFLaNLIKI,
LESToTHETADELTALV i NST ¢ SMAX o XMW X! MEGA 3 FE o XK FS)XKS1pXKS2aXFS
2050 X0% 1 XXDS sNGS 2 XGs0G s XGS s XAGS s XA s XBKCALAKBySCoPCHPCLIXFCIXMCT 4
3XMC2 5 XME Y s KMC & » XEC o NCC 1 KRCXKC2oDT 9N11G1 4GS s MPILP LB JKP KPP JPy
§“’]|lrl|‘Plb“"°°(IN"'NN.XLAHDA.!L]l'lle‘lel'XLZ:IN'SXI”'SI'
!NFSII.NFS![nNGSl-NGSI.NGS[IpNGS2).NY-Kl.ll(;!pﬂlpll.lll.JlJl.KY;
‘lvv.lx-lll.lll-l’-lLol-Nl-Jl.Jll.6-lf(lvlbnlDD.lN-KVH-lﬁVlUSY:lNC-
TLINVZLINGEZINGZSINUINSULINIU2INGUSTReSINGSIINGSZINFINGZOIN,
BFSINFSTINGFDINGNMCI] s XMC21 pXMCI 19 XMCAT o XXKT

DB1G JelyJXN

Medst IL=200P)

PRINT 1M

FORMAT( 3X2HMs 413 )

PAINT 2

'8:"""58”f s 12X2MIL e 12NTNLT412X2HD}

004K s ] yNMID

PRINT 3,521KsJs2Z1tKed)s22¢Ke N sTIK0 )

FORMAT(BEL4 6}

PRINY 5

FORMAT I 3X2HY PL2XTHMUL S 12X2HUZ» L2X2HUS e 12XINFST11X2ZHFS» 11X 2NFO

LIIXIHF )

DObKe142
& PRINT BeUIK eI UL (Ko d) pUZ(RoJIoUIIKs ) s FSTIRJIIFSIKIJ) oFOIKaI) s
1FiKeJ}
10 CONTINUE
RETURN
END
+ SUBROUTINE YWT .
P Ll il
TRANSFER RESPONSE OF AIRPLANE TO TARE
. LABEL
. FORTRAN
. L1sy
crwt
SUBROUT INE YWT[JXXe1LaNMODE2421022+23+FST)
DIMENSION 2112,200)+Z1112+200)422010212001,2311202003¢F57(24200}
WRITE TAPE 65 ((Z(KsK1)sK101eJRX) sKn1,NMODE)
WRITE TAPE &, ((Z1(KeK1)oK10] s XX1sKulyNMODE )
WRITE TAPE 6+((Z2(KsK1)sK1mlsJXX)sKuloMMOOE)
WRITE TAPE 6ot (Z3(ReK1)sKImlodXX ) WMODE §
WRITE TAPE 6o ((FSTIKsK1}sKlaloJXXisKels)
RETURN
END
vore
* SUBROUTINE MASS -
B e
4 COMPUTE INVERT AND PRINT MASS MATRICES
. LABEL
L] FORTRAN
. L1sT
CMASS

~

w
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~
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-
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SUBROUTINE MASS

DIMENSION Z132¢200)923112+2001522112+2000423(12:200102082)»
1UI222001sUL{2+200)4U282+200) 201222001 sU4(2)920{2+2001+812+200)0
25102+2001082(3+20014¢Fi2+2001¢FS(20200)+70(2420012P112)19@122300)0
3EST(24200) aNL (2920011 THETA(20200) sDELTA(Z4200)sV1200)2XST(2}ox (310
GEMAK(2) o NM{32)9XCE12) rOMEGALI2) o FE(L1Z o301 9XKTI2) eNFS(2)0XRS1(2)
SXKSZ(2)aXF5(24201sDS1252014XD5(2) 4 XXDSI2)¢NGSI219XGI2030)sXGS12)0
0G12+30) 1 XNGSE2) 1 XA(12) oXB(12) 4 XCALLI2) 1 XKBIL2)0SCI12)2PCILIR) Y
7PC(]2I-KF((129121-I’CZY)!-)Z)-KNC]‘IZ:III-XNCZ(II'XI)-IICQlll-lZIn
BXMCr12,1219XCCEL241239XCC2112012) 1 XKCT1201210XKC2¢12412)40T1501,
SN1I503+GI(21+sGS2)sUSTI2)¢ZSTI2)1XMCI12412}

DIMENSION ZINUT21oZ1INCI2)sZ2INIL2123INIL2)2UINI2)sUTINT2]Y
JUZINE21pUIIN(2 s SINE2)aSTINIZ) 1 S2IN(2) oFINC2)s20INLZIsFSINE2D
2FSTINIGZYoFDING21oXMCLT 11201212 XMC2T (120129 0XMTITL12012)0
IXMCLTI12401209XXKTE2)

COMMON ZoZ1o229233245UsUlsU20UT0U&s2005¢518525Q9FsF5oFDsFLoXLoKJy
1FSToTHETASDELTA SV s XST s SMAX p XM el s KC sOMEGA 4 FE 4 XKT oNF S XKS1aXKS2oXFS ¢
2054 KDS s XXD5 NGS 4 XGsDG XGOS s XXGS s XA XB o NCAsXKBs SCHPCIPCLIXFCIAMCL
3!“(2-!"{3-!“(#-!((-!C(ZleCnXKCZGDY-Nluﬁl.65-“9-L°.L99-‘9-(99-JP-
‘“Pl-lYl-K’luNHOOEqNPY-NM»XLA*DA-ILll-lLlZoXLZl-XL!Z-NFS\-N'S%-
ANF5114NFS21 sNGS1sNGSZ INGSLE oNGS21 oNT 1KK s KKK sMaMLoKI oKZZ s Je 1 oKV
ERVV oKX KX sKX2oITo Tl ol pNX o JX s UNX+GaXFC22KD sKDO oKt oKW 92 ST 1UST 4 XMC e
TZINGZ1INGZZINGZITNAUINSULINGUZINIUIINSSINSSLINSS2INGFINIIOINS
8FSINGFSTINGFDIN, XMCLT oXMC2Z1 o XMC3T o XMCH [ 2 XXKT

0O 11=1,NMODE

DO1 U=} ,NMODE
XMC1(T+J)a040

XMCI( 14412040

XMC&{1s4) =040

DO 2 I=1sWMODE
PLISURRISLE LIRS

0C31al42
XMCICTalrm-ti=140)0®] ) OXM(T}
XMCh{ToI)u=XMC3(Ts1}

DO® 1=34RMODE
XMC3 (Tl ymxMi]
KMCI(201)SXMI2)1#FE(T42)
XMC3(1,2)8XNC31201 )
XMCet1sl)exull)

AMCAt] TIsXMIL{9FECTL 1Y
XMCALT )L 1eXMCalloT)

DOS 11 4NMODE

DO 5 Je1:NMODE

KMC21 10 }aXMCI(L 4 D) +XMCHET1=XMCLET D)
DO 30 e1sNMODE

DO 20 JulsNMODE

XMCLT (1 d)maMCYt T d)
AMC2T Lo J)mNMC2UT o )
XMC3T {1y I mRMCILT0IY
XMCAT LT I aXMCal ]
CALL SYMINVIXMCL[»NMODE)
CALL SYMINVIXMCZ[ 2 WMODE)
CALL SYMINVJXMC3!oNMODE )
CALL SYMINY(XMC&],NMODE)
TF{LP=-1121.+20+21

PRINT &

FORMAT[8M xMC1)

CALL PRINTM(XMC] +NMODE s NMODE 1 2)
PRINT 7 .

FORMAT (8K xMC2)

CALL PRINTM{XMC2 +NHODE ) NMODE 12}
PAINT 8

FORMATIBH IC31

CALL PRINTM(XMCY NMODF sNMODES12)
PRINT 9

FORMAT{BH Mo

CALL PRINTM{XMCa s NMODENMODES121
PRINT 80

FORMAT (9 XMCLIY

CALL PRINTMIXMCL[ »MMOOE + NMODE . 12}
PRINT 51

FORMATLOH XMC21y

CALL PAINTM(XMC21,NMODE o NMODE,12)
PRINT 52

FORMAT(9H KMC31)

CALL PRINTM(XMC3I+NMODE NMQDELL12)
PRINT 33

FORMAT(9M xMCel)

CALL PRINTM(XMCaI(NMODE,NMODE,12)
RETURN

END



+ SUBROUTINE (K2 *

< COMPUTE DAMPING AND STIFFNESS MATRICES FOR THE CASE wHEN BOTH
4 LANDING GEARS ARE LOCKED

. LABEL

3 FOATAAN

. LIST

(44 94

SUBROUTINE (K2

DIMENSION Z(]?oloolullllZv!OO).lZ(lZ-ZOOI-l!IlZ.ZOO).l‘lZ)-
lU(Z-ZOO)-Ul(Z-?DO)nUZlZnZGﬁ)-U!lI-ZOO)'Uklll|ZO(Z-200)y5l2v200)-
231l2'100)vSZ(l-ZOOqu(Z-ZOﬂI-FSI!;ZOO)-FD(Z-ZDOI.F]I2I|Ql2:200)v .
!stlZ.ZOO)plL(Z»ZODI-THETA(!nzoc)nDELYA(Z-ZDDl.Vlzool-XSTlZ).Nli)'
lsHAXIZ)-IHIlZl.lCllZ)lOHEGA(lZInFEl12-)0).!(?(2)vNFS(Z)-X(SllZIn
9!(52(2!nXVSIZ-ZD)nDS(I-ZO)-szlzl.xxDSlZ).NGSlZ)-XG(Z-,O)-XGS!ZI-
‘DG(Z.iOI-lXGSl?InxA!12).181127.X(A(lZInXKBIlZ)-S((XZ)vPCl(lZ)-
79((12]pXF((!Z-lZI-XFCZ(thlZ)-XMCl(llanl-XMCZ(XZ.IZ);INC!(}Z-XZ)-
IINCC(lZ-ll)nl(Cll?.lIl-XCCZ()Z.XZY-XKC!]2|12InXKCZILZvLZ)vDV(SO)v
INLE8014G112)06S12)0USTI2)0Z5T(2)9XMCI12512)

DIMENSION ZIN(]Z)-ZIIN(IZI»IZIN(XZ)-Z)INI]Z)-UINIZI-UllNlZ)n
TUZINI2)0U3INCZ)oSINC2Z) aSTINE2)2S2TNI2) vFIR(2) »2ZOINIZIVFSINGZ) s
2FSTIN(2YaFOINIZ) o XMC1 0124121 0XMC21(12412)9XMC31012512) s
3XMCAII12412) 2 XXKT(2)

COMMON Z.Zl-lZaZ)-lh-UoUl-UZ-U)-UO-ZO-S-SX.Sl-O-F-FS-FD-V}-XL.lJ-
LFSToTHETAYDELTA LY 1 XST o SMAX S XM o s XCsOMEGA sFE, XKT o NFS ) XKS1oXKSZ XFS s
ZDS-!DS-!XDS-NGS|lG.DG»XGS.XXGS-XA.XB.X(A-XKB.SC.PC-FCL-IF(-XNC)'
!XNCZ-XMC!.XME&-XCC-X(CZ;XK(-XKCZ'DT-NI-G].GS-NP-LP-L?P,(PleP.JP.
ANPI.ITl-KPI'N“ODE;NPT-NH-XLAHDA.XL)l-KLXZ.XLzlvXLZlvNFSl’NFSZ»
DNFSIlnNFSZl;NGSI.NGSZ.NGS!]nNGS?l.NT.KK;KKK.H-H]o(Z.KZZ-J-Jl-KV'
SKVV AKX KXD a2y LT o Tl oL s NXw X s IXX 1 GoXFC21KOVKDD oKW oKW W o2 ST sUST 4 XMC o
7llﬂ-lllN-lZXM-Z)INnUIN.UllN-UZINoU)lNvSanSlIN-SZIN'FIN-ZOINn
BfSIN-FSTIN-FDIN.XNClX-XHCZI-XN(!]-XHC&]-XXKT

I=1
D0 10 K=]sNMODE

00 10 XK1=} ,NMODE

10 XCC2UKsK1Im0,0
00 11 KalsNMODE
11 XCC2(KsKImXC(K)
00 20 K=1,2
DO 20 «1uK,MMODE
XKC2(KsK1}=040
DO 22 K=3,NMODE
00 21 K1m=K,NMODE
XKC2(KsK1)an,0
0O 21 K3al,2
21 XKC2(KoK1)WMXKT (K3 J®FE(KoKI)®FE(K] 1K) +XKC21K oK1 )
22 XKC2(K3K)aXKCZ(K oK) +XMIK) QOMEGA(K ) 02

D023 K=l ,NM

K3aK4]

DO 23 K4=K3,NMODE

2

o

23 XKC2(KbsKImXKCRIK 1KG}
IF(LP-1)31,30,31
30 PRINTS
6 FORMAT(8H XCC2)
CALL PRINTM(XCC2yNMODE s NMODEv12)
PRINT 7
T FORMAT(8KH XKL2Z)

CALL PRINTMIXKC2+MMODE « NMNODE 4121
31 DO 150 KA=1,NMODE

00 130 K9=1,NMODF

150 KFCZ(KB-KQ)-!NC?(KB»KQ)O(DV‘X)/2.0)'!CC2|K5.(9)0|lDYlll"Zl/b-O).

1XKC2(KB4K9)
IFILP-1118141604161

160 PRINT 182
182 FORMAT(8H XFC2)

CALL PRINTMIXFCZ ) NMODE « NMODE 412}

161 CALL SYMINVIXFC24NMODE )

IF DIVIDE CHECK 167,164

163 CALL ExIT
164 IFILP-1)32,170,32
170 PRINT 172

172 FORMAT{OH XFC271)

CALL PRINTM{XFC2yNMODE s NMODE 112}
32 RETURN

END
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COMPUTE THE DAMPING AND STIFFNESS MATRICES FOR THE CASES WHEN
E€1THER BOTH GEARS ARE UNLOCKED OR ONE OF THE GEARS ARE UNLOCKED
LABEL

FORTRAN

LIsT

CK3s

SUBROUTINE CK3s

OIMENSION ZI11-2001-11(110200!»12l12'100)-13(lZ-ZﬂU)-ll(Z).
lU(ZleOInUlIZ.ZOO)vUZ(Z-ZOD)vU)(ZbZOOD-UN(Z)-ZO(Z-ZOO).S(Z-?OOIv
ZS](Z-?DOI-SZ(Z-ZOO)-F(Z-ZOD)vFS(Z-!DO)-FD(Z-ZOOI»FllZ)p0l2-200l1
375Y(Z-200I.XL(1.200)vVHETA(Z'ZODI-DELYIIZ.ZOO)|V(100I.XSYI2)-H(3)-
ASHA!(Z).XN(]ZI.X(l)z)-OHEGA()ZI'FE(12.\0)-!KY(21oNFS(ZI-XKSl(ZI-
SXKSZ(Z)gXFS(Z-ZOI.DS(Z.ZOI-IDS(ZI-XXDS(Z).NGS(Z):XG(}-bOInXGSlZ)o
ADGIZ-EO)-XlGS(Z)-XAIlZ)-lElXZ)-l(A(]Zl-XlBIlZ)-SCllZ)-PClIlZ)-
79((12).!FC1lZ.]Z)-XFCZIlZ-lZl;XH(l(lZulZl'XHCZ(lZ-le-lMC!l12-121'
BXMCAL1241219XCCI12012)1XCC201201219XKC1125121+XKC2112412) 10T (50}
INLIS01GLI2)sGS(2)s0STI2) 0 25TI25)XMCI12412)

DIMENSTON llNllZ).lllN(]?l-ZIINI12)nZSXN(121-U1N|2)-U11N12)-
luZlN(?l-UDINIZ)-SIN(EI-SllN(Z!-SZIN(Z)pFlN(!)-IOIN(Z)-FSXN(l)-
ZFSYINKZ).FDIN(IInXNClI(12-]2)-!HC2](lZ.lZ)-lMC3l(l?'lZlv
3XMCAT(12412) 4 XXKTL2)

COMMON l.ll-12.ZJ;Z‘.U-Ul-UZ-U)-U#-IO:S-SI.SZ-G'F-fS-FD'Fl-XL.lJ.
IFSI'TNETA-DELYA-VpXSY-SMAX.IN.H-ICaOﬂEGApFE-X‘Y.NfS-XlSl.llSZ.XFS-
ZDS.XDS-!!DS.NGS'IG-DG-KGS-KXGS;!A-!B.ICA-!KB'SC-PC:PC].X?C.XNC[.
JKHCI.l”(].x"(ﬁ.lc(-x((l-XKC.XK(ZnDY-NI-61.GSuMP.LP.LPP-KPnKPP.JP.
uHPlrIYl'lPl.NHOO(.NPV-NM-ALAHDA.XLllllLlZ-lLZl|KL22.NF$1-NFSZ-
SNFsllnNFSZl.NGSI.NGSZ-NGSI}-NGSZlvNT-IK-KKK-MoMl'KZ.KZI-J-JI-KVp
blVVcKX;KX].K!Z'lelL.lan-Jl-JXK'GpXFClrKD;KDO'KH-llH-ZSY'USVoKM(u
7llN-lllN-lZIN-ZJIN-UlN.UlIN.UZIN-UJXN-SINnSllN.SllN-FIN-ZOIN'
BFSINGFSTINGFDINIXMCL T v XMC21 1 XMC 3T ¢ XMC& ] 3 XXKT

D04 KeKK KKK

XDS(K1#30,0

XXDS(K)aDS (K1)

NNF5aNFSIK)

TFISINIK)~SMAXIK})S,5,.6

PRINT 204KsJeK
20 FORMAT(2HS(I8,14415,1H) 14 EXCEEDS SMAX(I5+1H))

- CALL EXTT

3 0010 K1=2eNNFS

IF(SINtK)I=XXDSIX) 124243

2 XKS1(K)Z(XFSIKyKL)=XFSIKIKI=1}1/05(K K11}
XKSZ(K}uXFSIKoK1-1)=XKS1{K)@XDSIK]
GOTOa

3 XDS{K}®XDS(K}+DS(KsK]l=1)
XXDS(K)sXXDSIK)+DSIKsK])

10 CONTINUE

& CONTINUE
D024 KeKKyKKK
XGS(X)1m0,0
XXGS (K120G(K 1)
NNGS=NGS (K}
002% K1m2:1NNGS
IFUSINIK) =XXGS (K1)26026927

26 GS(K)mi{XGIK4K1I-XGIKsK1=1) )/DGIKKI=11 I ISINIKI=XGSKI)
14XG(K4K1-1)
GOTO24

27 XGS{K)=XGS(K)eDGIKsKE~11
XXGS(K)#XXGS{K)eNGIKsK] )

2% CONTINUFE

24 CONTINUE
D028 KxKK KKK
GH=GSIKI®STINIKY

28 GL{K)=ABSF{GH}
XKC(1421%0,0
XCC(1+2120.0
DO29K=le2
XKCIK 3K ) XK S ] (K)#XXKT (K )

29 XCCIKIKIRGLIK)
0012 k=142
0012 K1e3¢NMODE
XKCIRoK1)m=XKS]IKJOFEIK] oK}

12 XCCUKoK1}==Gl{K)®FEIK] 4K}
IF{KK-KKK)31432,3]

32 IFIKK~114234)062

40 DO13K=KQ@:XQ
DOL3 K1wl4NMODE
XKCIKsK1}u0,40
13 XCCIKoK112040
31 CONTINUE
D035 K1x3,NMODE
00 34 K2=K1,NMODE
XKCIK14K21%040
0034 K3=142
34 K(C((l.KZIIIKSlIKB)'FE1KZ.KJY'FE(K1|K31'XKCI‘1-(2I
35 XK([(!-KI)-XK((K].Kl)'x“((l)'OMEGA(Kl)"Z
DO 45 K1=34NMODE
DO 44 x2=K]4.NMODE
XCCIRIWKZ2)20,D
DO 44 K3xKK,KKK
44 XCCIR]4K2)2G1UKIIRFE (K] oK) #FEIK2, K3 +XCC (KoK}
“5 XCCIRTsK1I=XCCUKLWK1)#XCIKL)
DO 36 Km]yNM
KlaKs]
DO 36 K&=K3,NMODE
XRKCIKG oK} uXKC (K oK)

36 XCCIKLIKIBXCCIKIKE)
RETURN
END
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COMPUTE RESPONSE OF AIRPLANE FOR THE CASE WHEN BOTH LANDING GEARS
ARE UNLOCKED

LABEL

FORTRAN

List

SUBROUTINE (1
DIMENSION Z(lZ-ZOOl-Zl!lZvZOCI-ZZIlZ-Z”D)-Z!(lZ;ZOO)nl&IZl-
lUl?-ZfﬂltUlerZdO)vUZ(Z-ZO)I-UJIZ-Z?GI-Ul(Z)-ZO(Z-lﬂﬁ)|512'2401-
ZS\IZ-ZOOIvSZIZ-ZOD)vF(Z-?DCI-75IZ-200)-FD(2-20“I.FIIZ).QIZ'ZD“I|
!FSY(Z'ZDOIpXL(Z-ZOO)vYHETA(ZIZOO)-DELYA(Z-ZDGI-VlZﬁO)-li'h?l-*(3l-
hSMAl(leKH(!ZI-XCIlZ)-OMEGA(lZ)-FEIlZ-lOl|XK7(2)-NF5(2)'XK51(ZI-
5XKSZ(2)'lFS(Z.ZUInDSlZ-ZO)-lDSlZIpXKDS(Zl'NGS(ZInXGleﬁO)-KGS(Z)c
GDGI2.50).!!65(2)pXAIlthKB(lZ)-XCAIl2l»XlB(lZi|SC(lll|PCll\Z)v
7PCI12)3!FC(XZ-IZ)|XFFZIlZle)-KHCIllZle).X“CZ()ZleI-XMC!I12-12)-
SXMChllZle)‘X(C(12|lZI.XCCZ(lZ-l?)tl(CllZ-l!)-l((Z(l2lel»nTl‘ﬂ)-
9Nll’Ol.GllZ)lGSlZY-USY(?I-ZSY(Z)-XN((]ZOIII

DIMENSICN ZINIlZ)-Z)lN(l)l.LZIN!12)vl!lN(l2I|UINl2)lelN(Zl‘
lUZlN(?I-U)lN(Z)nSIN(Zl-5]]N(2I|SZIN|Z)'F1N(2IlelNlZ!-F:lN(ZI-
ZFSY[N(ZI-FDIN[Z).X"(ll‘l?vlzlvXMClelZ-lZ)ll“(Sllllle)-

IXMCLT (122120 4XXKT(2)

COMMON Z-IlquqZJ.lh-U-U)vUZ-U)-Ub-lD.S.Sl’5210-F;F5.FD.F1’XL-KJ-
lFSY'VHETA-DELYA|V.XSTvSNll'XH'VIXCuoﬂEGAvFEleY-NFS-XKSI-XKSZ-!FS-
ZDS-IDS-IXDS-NGS'XG-DG-XGS-XXGS-XA-XB.X(A-KKS.SC-PC-PC].XFC,KNCI-
3xHE2.xN(3-XM(h.IC(1XC(Z.XK(.KKCZ-DY-N].Gl.GS.“P.LP-LPP.KP.KFP.JD,
bMPl.lYl'KPl.NMODE-NPV-NN-XLAMDA'KLII-XLlZlXLZlnXLZZ.NFS)nNFSZ-
SNFSll-NFSZ]pNGSl-NGSZ-NGS]]-NGSZI’NY'KK.KKK.M-Ml'KZ-Kll-J-Jl.lv-
GXVV KX KXD 2 K20 ITall ol yRX s IX 3 UXXPGeXFC20KD KDL (KW ok an o 25T aL§T ¢ XMC s
7ZIN.ZIlN-Z?IN.Z!lNleN-UlINvUIlh-ullN.SlN'SlIN-SZIN.FIN-IOIN-
GFSIN.FSYIN-FDIN-XHCII-XH(Z!-KHCJI|XNC5I.K!KV-FSSTI-F$571

LPP=2

KK=1

XKR=2

0O 100 K=1,2

XXKT (K)sXKT (K}

IFCFSTINIK)I101,1014100

101 XXKT(K)»0.0

1

00 CONTINUE
CALL CK34
DOS1 Kul,2
51 SC(K)HHIKIOFleJl)0!(51ll)'XSY(K)‘llSle)-lxKY(ll'ltbl(llODELIAl
1KeJ11}
DO 52 K=33NMODE
52 SC(KII-XL(].Jl)’FE(K-)I-XL(Z.J[)'FE(K-AI-FE(K-Z)’IF(Z.JX)OKKSI(ZI
l’lSY(ZlbeSZIZ))-FE(Kvll'(FIl.JliOlKSl(ll'XSTll)‘KlSZ(ll)
24FE(K (1 )RFSSTI4FE(Ko2) #FSST2
D054 K=1,NMODE
XCA(K 12040
XKBIK}#040
DOS4 K1=12NMODE
XCALK)=XCCIK WKL) ®XAIKT ) +XCAIK])
54 AKBURISXKCIKIKLI®XB(K])+XKBIK)

99
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D053 KalsNMODE

PCLIK)®SCIK)=XCALK ) =XKBIX)

PCIX)=PCY(K)

DO 60 K=1sNMODE

DO 60 KimlsNMODE

XFCIK K1} SXMCLIK K1) #+1DTII1/ 2018 XCCIRRLI+1IDTLI®"2}/640)
1exKC(KsK1)

CALL SOLEQUIXFCINMODEWPCLel)

IF(XFCIBO0.B0:81

PRINT 82

FORMAT{21HXFC GREATER THAN ZERO)

CALL EXTY

0058 K=14NMODF

12Ky J1I=PCLIKY

23(KaJ1)=Z21K0 1)

2(K J1)aXBIKI+((DT(1)%#2)/2.018221K01)

2106, 1) =XAIKI+(OT(1)/2,0)%221Ked1Y

DOSE K=1:2

Utk J1120.0

UlikaJlt=0.6

U2IKrJ1120,0

DO%? K1lw3eNMODE

UK JLIsU(K o)) +2 (KLs DL IWFE(K1AK)

UHIK o1 aULIK,J1 1421 IK] v d1I#FE(KIK)

U2k 211 2U2(Ky 1) e22tK1sJ1I*FE(K14K)

U3 R, 11 Eu2(K,I1)

201K J1)sU(K eIl =2iKsJ1)

SRV L) EZO(K eI )+ XSTIK]

S10KsJ11 UL KeJ1I=Z1(KsJL

$2UKeJ11aU2(KyI1)=221KsJLY

IFIZSTIK) 42Ky J1)+DELTA K11 )4001400,401

XXKT(K)oXKT(K)

FSTIKydl ) #XXKTIR)#IZSTIKI¢Z{KsD1 ) #DELTAIR I}
IFI5(KeJ1)12004220+201

FS(KyJ1)mxXKS2tK)

GOTO 202

FS{KyJI)mXKSIIRI®SIRoJL)SXRS2{K

6GEGIiK)

FD(KyJ1)mABSFIGGI®S1(KsJ1)

QUK L ISF IRy JLI+F SRy J1I*FOIRIL)

XLGLyd1)miXL 11#XUL122 (THETALL 11T +2(40J13 )18V 11y 82
AL{29J0)=IXLZ1+XL22%(THETAIZodl)eZidsdl} )10V iJL) 482
TFLP-1121,20,21

PRINT 70,M1
FORMATLOH
PRINT 71
FORMAT{6X6HSUB C1)
CALL PRI
RETJRN

END

Mlze15)
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SUBROUTINE C2 *

Peeeersrerrasassrias

COMPUTE RESPONSE OF AIRPLANE FOR TrE CASE wMEN BOTH LANDING GEARAY
ARE LOCKED

LABEL

FORTRAN

LIST

SUBROUTINE €2

OIMENSION Z112,2001+211124200122201252000:23112,200)02412)y
LTUG22200) U1 12,2000 902(242001U3€2420030612)52002+200)95(2+2001,
2516242001 9521202001¢F(2120N12FS(24200)11FDi2,200)9F112),0(2,20000
IFSTI2,2001 XL E2s200) 2 THETAL29200)+DELTALZ2:2001 V(2001 X5T121sWE3)0
GSMAX(2) pXMI121oXC(12) oOMEGAILZ) »FE(LI25 101 o XKTU2)oNFSI2) 4 XKS11210
BXKS202)1XFSU2,20) 05129271 4XDS12) 4 XXDSI2) yNGS12)9XGi2s5013XG5121s
6DG(2,501 9 XXG5(2) +XAI12) s XBIL214XCATI2) 1 XKBI12345SCI22)4PCLI12T,
TPCUI21oXFCI12412) s XFC2012512)»XMCLE120 121 4XMC2(12412)9XMC301201200
BXMCAT1251239XCCI124021»XCC2012012)aXRCE1241290XKC211242219D1050 )y
SN1ES0YIGLE21 G50 2) sUSTI2T425T12)axMCI12412)

DIMENSION ZINT12)9Z1INIE123422INE12)42DINE12)3uINIZ)aULINI2E
TUZINTZIsUBIN(219SINC2) s SLINT2) 3S2INE2) oFINI214ZOTRIZ)FSINEZY
2FSTIN(21oFOING2) aXMCI1012+12) 0 XMC21101251204XMC3I{1200210 0
INMCHl 112012 0 XXKTL2)

COMMON ZsZ1922423+265UsU1sU2yU31U6220050510524Q0FsFSiFDIFLaXL oKLy
TFSTyTHETACDELTASVIXST o SMAK o XMy w3 XC OMEGASFEXKT s NFS 1 XKS 1o XKS24XF S
2054XD5sXADSsNGS s XG DG XGS y XXGS s XA» KB o XCA9XKBSCIPCIPCLIXFCHXMCY o
IXMC2 o XMC3 o XML o XCC o XCC2 o XKCaXKC2H0T oNL1, G105y MPILP1LPP oKP KPPy JPy
4MP 1y 1T)oKP1NAODE s NPT NMy XLAMDA s XL1LoXL124XL 219 XL22Z#NFSLINFS2
SNFS11aNFS213NGS] eNGS2 eNGST1aNGSZ1 o NT o KK sKKK oMM oKL WKZZ 9 ds ] oKV
EKVV KX sKX] 4 KXZpIToTL ol oNXadX s JXX+GaXFC2yKD sKDD KW KWW ZST sUST 4 XMCs
FLINGZIINGZZINGZ3INGUINSUTINIUZINIUIINGSTNGSIINGS2INSFINIZOIN,
BFSINGFSTINSFDINIKMCIE s XMC21 s XMC3T o XMCAT o XXKTHFSSTLoF55T2

DO 10C K=ls2

XXKT{K)aXKTIKY

TF(FSTINIK) 110141014100

XXKTIK) 20,0

CONT INUE

CALL CK2

LPRai

0OS1 K=1,2

Z01K5 11 220INIK)Y

SCIK)®0,.0

DO 52 K=3+NMODE

SCIKIe=XLI 1y J1IRFEIK2II-XL(2sJ1I*FEIK) )
1=FEIK 1) #(XXKT(1)®{2STI11+DELTAIL,J1)-200LsJ1d)=WilE)
2-FEIKS 21 R IXXKT(2)®12STI214DELTAIZ,J1)-2002,J11)-W(2)]
3+FEIK oL 19FSST14FE(Ks214F5ST2

DOS4 K=1,NMODE

XTAIK)=0s0

AKB{K}2040

DO54 K1slsNMODE

XCAIK)#XCCZ (K K1) SXA(KL)4XCALK])

XKBIX Y aXKCZ(KaK1)®XBIKL}+XKBIK])

DOSS K=1+NMODE

PClIK)eSCIK}=XCA{KI=XKBIK)

PCIKIsPCK)

DO6OK =1 ¢ NMODE

22(KeJ11x0e0

DC 80 K1=14NMODE

Sle.Jl)-xFCZ(K.‘l|¢Pc)(ll)ozZIK.JL)

036K =1 NMODE

23Ky J1) 222Ky I}

0057 X=3,NMODE

Ziks 1) mXBIK)+LIDTIIINRZ)/2.01822(KsI1)

Z1(KsJ1)mXAIK)+(DT(11/2.018221KsJ1}

0049 K=ls2

100

UtKyJ11=0,0
UltKy 112040
0058 K1s1,NMODE
UIKsJ 11 aU(K 11 eZ (K14 J1IFECK] R
UTIKoJ1 1 eyl (K J1)eZ HIR1 s 1) SFEIKLK)
U2(KeJ11822(K431)
UKL hrU2(K 4010
ZiKod1¥mUIKJE)-201KJ1)
Z1(KsJ132Ul K420
S(KyJ)1)=201KsJ1)+XSTIK)
51iKsJ1)20.0
52(KsJ1130,0
TFIZSTIKI+#ZIKyJ1)#DFLTAIKJ1) 14004600401
401 XXKTIKI=XKTIKY
€00 FSTUK,JI 1 eXXKT () ® (25T iRy 42 K1) +DELTAIKSILY)
FStReJ1)sFSINIKY
FOiKaJ1}2040
Finaul bexMIK)®Z2IKe L) =nIKI=FSIKeJII+FSTIK,J1)
59 CixsJ11aFS(KsJIp+FIKIJLY
XLi1eJ11s(XL11+XL12% (THETACLsJ1)021ked1 1) )0VISLI}OO2
KL(2sol)s(XL214XL220 I THETAL2 U1 o2 ika 101 1OVIILI®®2
IF(LP=1121+20+21
20 PRINT 70241
TO FORMATION
PRINT 71
71 FORMATIEX6HSUB C21
CALL PRI
23 RETURN
END

5

Ml=a151

PR O P TR TR
* SUBRDUTINE C34a >
P R L R

[4 COMPUTE RESRCNSE OF AIRPLANE FOR THE CASE WHEN EITHER ONE OF 1HE
4 LANDING GEARS IS LOCKED

. LABEL

. FORTRAN

. LisT

CC3a

SUBROUTINE C34

DIMENSION ZU12+230)+2111242000022012,2C03423(224200)0L0120y
1U124205 10U €222300 5020292071 031212901 sUa(2)9208242001251242000
2510202700 2524252001sF 1242071 0FS12020019F0(2+20M1 F1I21201052000s
IFST(2+200 /XKLI2+207) s THETAT21 2001 +DELTALZ92200 V122015451121 0nt300
GSMAX(2Z ) oXMIL121 o XC (121 sOMEGATLIZ) oFE(L2010)aXKT12) WNF31210aKale2)s
5XKS2021 4 XF5(24200 905024231 +XOS(2) 9 XXDS (21 )NGSL2) 2 XGEZ2A0IsXGS(2)
EDGIZeSCHaXXGEI2) s XATI2) b XBL1ZY oXKCALL21,AKB112)45CI1214PCLL12)y
TPCU12) oKFCC12p1219XFC20120121 o XMCLTE2012),XMC2(1201299XMC3(12412)00
BXMC&( 129121 oXECT12002) s XTC201241219XKC 122120 +2KC2012012)40T 0500y
ONI(BG I eGEI2)2GSI2)sUSTI2) 25T 12) 4 XMCIE2412)

DIMENSION ZINC1212ZLINC121,Z2INT1213231INE123 0 IN(2)2ULINGR)
JUZINGZ)oUBINI2)sSINEZT 51 IN(Z1aS2INIZIWFINI2YeZOINI2)WFSINIZI
2FSTINIZI4FDINGZ) o RMCLE(1201219XMC2T112412)4XMC3LE22012)0
IXMCHI112012) 0 XXKTER2}

COMMON 20214221 23028s0sU1s020530U612095951s324G0FsFaiFDeFLaxt ik,
1FSTaTHETAPDELTA LV o X5T 2 SMAX Y XMy Wy XCoOMEGASFE o XK T aNFo 1 AK 511 AKS2sXF Yy
2054 ADSIAXDS I NGS s KG9 DG 9 XGS s AX0S 1 XAy XB X CA9XKB Ly PCIPCL L aFCoxMCly
AXMC2 4 XMCI UM 6 XCCHXCC2aXKC P AKC230ToN1+G1aGS s MPILPILPP KRy k240,

4MPL ¢ 1T1oKP1yNMODE sNPT sNM)XLAMDA I XL110XL12 XL 212 XL22INFSLNFS2,
SNFS1) NF52LoNGS1sNGS2sNGSLLeNGS21sNT sKK sKKR»M oML oKesKic s Jrdlakv e
GKVV R X KX1oRX2a [T oIl ol sNKs JXedXXsGaXFCZIRD KDD sk shnn e 5T 1302 XMCs
TZINGZ1INGZZINYZ3ENIUINGULINGUZINGUBINSSINGSIINGSZINGFINIZOIN,
BFSINGFSTINGFBINIXMCIT o XMCZI 9 XMT3 1 XMCL] o XXKT 4 F 551 19F 5512
DO 290 Kals2
XX T (k)X FiK)
TF(FSTINIK))2C1,2014200
201 XXKT(K)30a0
200 CONTINUE
LPPe2
KZ=KZ
KZZeK2Z
KE=KZ
KRE=R2
AKSTIKZZIERXKTIKZZ)
CALL CX33
Z0tKZZosl1=20INIKZL)
SCIRZ I =W(KZ ) +F (K2 aJLI+XKSLIKLI®XD] (RLI#AKS2IKL)
1-XXKT(KZI®(2ZST{KZI+DELTAIKL oI
SCIKZIZI N0
D040 K =3yNMODE
40 SCIK)==XL{1yJ1I#FEIRsII=XL(29J1)#FEIK4)
1-FE(KKZ)®#(FIKZyJl14XKS1(KZ)*XSTIKZI#XKS2(KLY)
2-FEAK W KIZIRIXXKT(RZZI®(ZSTAKLZI+DELVAIKLL »J1)~2OIKLL s TN I-wIKILY)
FeFEIK, 1I®FSSTI+FE(K, 21 #FSST2
DOSe X=14NMODE
XCALK 12040
XKBiK3123eQ
DOS4 K121,NMODE
XCA K EXCCIK KT O XALKL ) #XCAIKY
54 XKBLK)EXKCIKsK1)mXBIK])+XKBIK)
DOSS Kx1,NMODE
PCl(X1=5CIKI-XCA{K)-XKBIK}
PCLRITPCLIIKY
IF (xpP-11 101+1904101
100 DO 195 Kx}1yNMODE
DO 115 K1=1,NMODE
10% XMCIK K1) =XMCIIKsK1]
60 TO 127
101 DO 106 K=14NMODE
00 106 K1=1sNMODF
106 XMC(KoK1)=XMCLIK K1)
107 DO 60 Ks1sNMODE
DO 60 K1=1,NMODE
XFC{K K1) 2XMCIK K11 4(0T(11/2401®ACCIRIKLI®((DTLTI®B21/64GIOXKCIK K

5

n

6!

o

1

CALL SOLEQUIXFC,NMODEPCLs1}

1F(XFC181:81,82
82 PRINT 83
83 FORMATI21MXFC GREATER THAN ZERO)
v CALL EXIT
81 DO 36 Ksl,NMODE

221Ky JLI#PCLIN)

I3 JLImZ2(K4 1)

TR JLIoXBIK )+ ((DTLII®821/2:01%Z21KsJ1)
56 Z11KeJLIsXA(K)+(DTLII/2,01%22(Ks 1)

0058 «=1,2

UiKsJ118000

ULIKs 4119040



U2(KeJ1)m0.0

COS58 K1s34sNMODE

UKo 211U JI N2 UKL J1IRFE(K]4X)
UI(KyJI rULIRGJLII4Z IR JIYPFE(NLK)

S8 UK, I mU2 (Ky 1142 2(K s J1IOFE (KL oK}
ZIKZZ+J1)®ULK22501)=201K2Z2s41)
LU(KZZ+dlimulIRIZadl)
2O(KZyJ1)mUIKZ 9 J1)=2IRZsJ1)

D059 K=is2
UK Jl1eu2tn,Jl)
LU SWIREFILSWIRRS S X1 3
SIIK,QitadliKeJIV=2Z11Ky 2]
S21K s J] 1 sU2(Ky J11=22iKsJ1)
FFI2STIRI+Z KV JLI*DELTAIRII1))59:5%9,401
481 XK TreyeRK TRy
59 FSTUK U1} aXXKT(K)#(2Z5T{K)+2 Ky J1)I+DELTA(KJLY )
IF{SIKZ4111300.3004301
FSIKZyJ1)=XK52(KE)
6070 302
0] FSIKZ)J1ISXRSIIRZI#SIKTI 4 ) +XKS2IKZ)
302 FSIKZIZwJ1)=FSINIKZZ)
GGEGl{KZ)
FO(KZ3J1)1=ABSF IGG)#S1(KZ UL
FOIKZZ4J1)2040
FIRZZaJ1)mRMIKZZ)*L2TIKZZ v d1 - WIKZZ)-FSIKZZvJLI+FSTIK2ZI U1}
QIRZyI1Y=F (KL JLI+FSIKZ 4L )1+FD(KZyJ1)
QK222 1) mF(KIZ w1 I+FSIKZT UL
XL(Lod1)mtiXL11oxLI2#ITHETA(L s d1)eZ(4yJl)))revi])ee2
KLE2o 1) miXL21+XL 22 ITHETAL2 01142 by Jl))IRVII])Re2
IF(LP-1)21420421
20 PRINT T0.M1

301

o

70 FORMAT(9H Mim,15)
PRINT 71

71 FORMAT(&X7HSUB (34)
PRINT 80

8C FORMAT(9M KPPa, 15}
CALL PAR]

21 RETURN
END

D RS SRR
- SUBROUTINE PR1 +
P P S N R PPN

< PRINT THE DAMPING AND STIFFNFSS MATRICES AND THE RESPONSE

< OBTAINED FROM EITHER ONE OF THE SUBROUTINES Cl1 OR C2 OR C3&
» LABEL

- FORTRAN

. LIST

CPR1

SUBROUT [NE PRY

OIMENSION Z01242001021(12+2001922(12+200)1523(12+200}1124662}
1U(2+5200)5U112+200)4U212,200)sU3(2520014U4(21+20824200135(2+2001s
251424200) 9528222001 5FE252001sFS12520015FD(222001+F1¢2)4Q012,200)»
BFSTI24200)9XLE2+4200)  THETAI222001sDELTA(Z9200)sVI2001XSTI21)wWid3s
@SMAX(2)9XMIL12)oXCH12) 1OMEGATL23»FEI12010) s XKTL2)4NFSIZ)oXKS1L2)
SXKSZ12} 9 XFS(2920)4D512¢20)13XDS(2) 1 XXDS(2)5NG512)4XGI24%011XGS(21s
6DGE2s503 s XXGS5(2) o XAL12)sXBI12)»XCAI12)+XKBEIZ)»5CE12)0PCLI12),
TPCU12) e XFCI12012)9XFC2012012)3XMCIE120 P21 0XMC2(12412)9XMC3L1241205

BXMCLI12,12)9XCCH12012) oXCC2012402) 9XKCEL2112) 9 XKC2012201214DT (3004
ON1{5012G112) 9GS2 eUST(2)a25T(2) s XMCIL2012)

DIMENSION ZINU1219Z1INC12)022INUI2Yp231NGL21sUIN(ZI9ULING2)
TUZINEZ)sUBINI2 1S INC2T 051 INCZY s D2 INIZ) st iNG2I o LOINL)WFSENIZ) s
2FSTINI2)oFDINIZ )y AMCLLIA1Z912) 0 aMCitbdrid) s AMUaTilZ0da) s
IKMCLT(12,12)XXKT{21

COMMON 25214221¢352600sUloU2oudsuneiOnseals529usFrFastDsf loXLskds
TFSToTHETASDELTARV XS] o 5MAK s AMo ms XCaUMEGALFE s AR [ s NFSsXKS 14 XKS2ZoXF by
2DS v KDSsKXDSsNGS v XGsDOIXGS v RAGI s KAV KB e ACA s XKB s 5CsPLIHCT s XFC 9 XKMLy
BXMCZ o XMCI o XMCL g XL P ALCL P XRU S AKLCou ]l sl ool ounseiPslP i LPF o kb kBN, uP
GMP 1y I T1oKPL o NMOUE sNPT oMMy ALAMUA S ALLE sALIZ 2 AL 2L v ALZL 1 iF 31 sNF ol
SNFSILWNFE21oNGSLaNGSL NG LLINGSCLoNT ShKyRRA s MamLane shEZ s dsulsky s
VY KX oKX Lo KXZy T oLy b aNa s dardanaGonFC2aRbaRGU s msnmm st 05T o aMCs
TZINSZ1INGZZINGZIINSUINGULINGUZINGUBINGSINGSTINGSEENSF INVZUIN,
BFSINSFSTINGFDINGXMCLTaXMC21 s AMC3 1 o AMUS | 5 AAKT

IF(LPP~1180,081,80

80 PRINT 72

72 FORMAT(8H xCCH
CALL PRINTMIXCC) NMODE sAMODE 4121
PRINT

73 FORMATIBN

<
CALL PRINTM({XKC)NMODE »NMODE 121
81 PRINT 75
75 FORMATI6X3INSC , L1XIHXCAGLIXIHXKB1IX3HPC 4 11X3HZ  +11X3IHZ1 o
111x3m22 ) N
DO 78 X=1sNMODE
T6 PRINT 77,SCHIKI 3 XCAIK) oXKBIK)IsPLIR ) a2 IR U102 1(ReIL) 922 (Ksul)
7T FORMATIBElG.6)
PRINT 78
78 FORMATI6XIHU  w LIX3HLL ¢11X3IHU2 »11X3HZ0 ¢ LIX3KFSTHLIXAHFS o
T1IX3HFD 4 i 1X3INF
D079 Ke1,.2
79 PRINT 774U0KaJ1) UTtKe 1) sU2(K4J2)aZ00IKs L) sFOTIKSJL)oFSIK eIl
1IFDIR G IV WFiK S
RETURM
END

B R R R R S Y

* SUBRCUTINE CAl +

B R AT T T

C RECOMPUTE RESPONSE I1F STROKE VELOCITY CHANGES SIGN
. LABFL

. FORTRAN

. LrsT

CCAl

SUBROUTINF (Al

DIMENSTON Z112+200)921(1202C00+2211202003423(120200)192012)0
1UE2028014UL1242037 51020242000 9U3120200)1sU4(21020025200145i2+42001%s
2511222001 152¢242C0)1sF125202)9F5124200)+FDI20200)4F112)s@(24200%)
3FSTI2s2001 42X 424 2C0»THETAI24200) ¢DELTAL2,2001eV(200)sXST1214WI3) s
ASMAX {21 sXMI1210XC(12)sOMEGAILI20aFECI201004XKT (2} oNFSI2)eXKS112)
SAKS202)4XFS{20201 905029200 340502 s XXDS(21aNGSI2) o XGIZ050) 1 XGSI2) s
BDGI24S0) wXXGSI2) o XAI12) s XBILL) s ALALLZ) s XARBIL2E95C12)4PCIC12)
TPCOI2VwXFCEI20 210 XFC24 1wl s AMCL L2012 00 AMLI12032) o XMC3 10201200
BXMCH( 1291219 XCCO120 12V e XCL2t 120221 XKL TIL20k2h#AKC20L1¢e L2 90T 1300
GNLII5914G1I21 0G50 21 0USTI2)925T12)9xMC1120102)

DIMENSION ZIN(12)s21INT121022INIL2 423 INIL2)3UINIZYoULIN(2)y
TUZINGZ)oUBINI2) 0 STNI2) 05T INCZ 1 aS2INLZ) sFENL2D scUINLZIoFaINE 2w
RFSTING2ZIFDINI2) oXMTLT T 1201200 XMC211125421 o XMC3I01201200

]

IXMCLT110,12) 9 XXKTH2)

COMMON 7921022023026 00Ul aU2s e ed0eSed1e520Q0F iFaaFUFlekLoKUy
AT STy (HETAWDELTA v X ST s SMAX y aMy Wy n OMELA s FE» XK T aNFO 4 XRS5 11 XKLS2¢AF Sy
2059 XDS o XXNSHNGS s XGaNGIXGRIXKGS 1 XA e XS NCAWRKH 4 SCIPCOPCLIAFCoRMCLy
IXMC2pXMCYy KMCLy XCL A0 aAR ki s dTaNisulaunsmPalF ILPPanbshPPy P,y
GMP Ly ITLaKPLyNMOOE NPT aNY - AYUA L KCL L9 ALicsAL2isaL 22 NFOLINFDES
SNFS11yNF521oNLS1aNDSZING 2L L 1Nl aNT 1 RK KRRy MM KR IladydlaRyse
GRVY oKX oKX1oKX20ITollalahauda s JXX s aFCskiohUUsRWskmmsl T oualsaMCy
FZINGZLINGZZINGZIINGUIN GG ING L2 E a3 INGSTNe 1IN CINSF INVZUINS
BFSINGFSTINGFCING XMCLTa X021 4 AMCIL e XMLl 0 AXKT o F53T1sFaa T2

DO k=x]ly2

2 SCUK)==XLELsJII#FEIKSI=XLI20 UL )SFEIK14Y
1-FEIRpII®IFSTULaUl) Wil hI-FEIKIZI%IrSi (e dlI=ni2))
2-XCIKI#Z 1K J1T XM (R ) HCVESAIR ) #92%2 (K JL ]
ASFEIK LI®FSSTIFE(K,2)0FSST2

OCwK =) NMODE

23(KsJ1y=0.0

DO&K 121, NMODE

230K J1)=XMC2 K K1 ®5CIR1I+LIIR,IY)

DCSK=1s2

FAR I sXMIK)#23 (K J1)=wiK}=FoLlksI1 a4k Sk LY
UKy ) aF IRy J11eFSIKeol)

DosKal,2

U3MK,01)20.0

0QeK 1= 4NMNOE

w

6 UKy I sUI (R I I+23 K1y JLI®FE(RLSK)
IF(LF-1)21420421 .
20 PRINT 104M1
10 FORMAT(GH Miegl5)
PRINT1]
1 FORMAT(6X7HSUB CAT)
PRINT 1&

o

FORMAT(&X2HSCs12X2023)
DOL17? KaleNMODE

17 PRINT 18+5CIK)+23{KsJ1)
18 FORMAT(3€14.6)

PRINT 12
FORMAT(6X2HU3, 11X2H F)
DO 13 Kale2

~

13 PRINTI84U3 IR J1sF(Kydl)
21 RETURN

END

D S AL T SR PR PPY

.

SUBROUTINE CA23 +

CEPIIAIII I LRIttt bbbty

.
.

-
CCA23

RECCMPUTE RESPONSE IF STROKE VELDCITY CHANGES SION
LABEL

FORTRAN

st

SUBROUTINE CA23

SIMENSION Z(1242001421112220004220102+200042311202001 024020 ¢
TUTZ520030UL125200 0202420705 U312,27014U6120,20020270155(22200 04
2514292001952 29200 s FC2a2N0T Pl 202070 ) 9 FLH2020M)4F €21 0wl 202000
3FSTIZ2a200 e XU t2a 200 s THETALZ 20 s 0FLTAI2,20) 0 VIO aX5T12) 4 ()

CSMAXTZY P XMI121eXCI12) sOMIGAT 1210 FECI2o 1D} oXKTE2) aNFSI2)saKS1E2)s
SXKS21219XFS(2420) 9051242314 KDSI2) o XXDSI2)ANGSI2) A6 20501 4XGS( 21
6DGL2e5D1 s XXGS121 aXAU12) 4 X30121 4 xCAIL21 W XkB L1y dUildNPLlviats
TPCLI219XFCO12012) 9XFC21120 1210 X%C1C129 121 oXMECiT1201dYarACAI12412)0
BXMCAH{12+1210XC01201219XCC201201210RKCI1201210XKC20424421010500y
ONILSO1SGIE2) o621 vuSTIZN 25T I2) e XMCL12412)

DIMENSION ZINC121,Z1ING121 42210121023 INC12) o UINI2Y4U1INI2T,
TU2INT2) 3 UBINIZY 0 SINI2) g SLINEZY 3 S2ENE2) WF INC2ZI920IN(2) o FSINE2Y,
2FSTINEZ2NGFOINE2Y o XMOLIE12912) 5 XM021 11241214 RMLITEL1201200
IXMCAT 124020 o XKKT(2)

COMMON 2421422523324 3001112103 00402005051052924FsF 33 FOWFLaxL iRy
TFSTyTHETA DELTA W aXSToanMAR k¥ o0y XC OMEGALFEL RS Ty NF O XK51 0 X324 0F Sy
2055 DS s XXTS s NGS 1 XG DL s XG5 X XS XA NE g ACARARD P SCaPCIPLLpRAr LR Ly
3XMC2 4 XM XME4, XCC X2 XKC P XKC 20 TT o NGB8 3P LR LPV kP ye PP, b,
GMPT I T1akPY s NMODE s NPT o NV XLAMNA XL L XL120XL22 0 XL22 NFE1aNFS2,
SNFS11 4 NFS2LyNGSEyNGS2WNGS1ToNGS2ToNT oKK o KKK oM oM14K2Z 4 K220 dsJlarvy
GKVV KX KX kX2 [Ty Il a TaNKadX s DX GaXFC2 oKD KO K wa KW o 25T s UST 2 XMy
TZINGZLIINGZ2INGZ3INSUTN G UL INGUZ TN 3INaSENGSTTNGSZINGFING2OTN,
BFSINSFSTINSFDINXMC1T 9 KMC2T o XMCI Ty XMCh [ s XXKTHFSSTL o F53T2

KVEKY

KVVaKvY

TF (KD=1) 30,3031

30 DO 32 KalsNMODE

00 32 K1=14NMODE
2 XMCIK K] )=XMC3TIK K1)
GG YO 49

31 DO 33 K=lsNMODE

DO 33 K1=1,NMODE

33 AMCIK K1) =XMCAT (K oK)
40 SCIRVI=N,D

SCIKYVIsWIKVYY ) #FS(KVVI I IFDIKYV o 1 ) +F (KYV 4 )1 I =FSTIKVYY e J1 )
DO 1 K=3,NNMODE
1 SCUK)==XLll o JItRFE(K,3)-XL{2+J11®FFE(K 4}
T-FEIKoKVI®IFSTIKVeJL ) ~WIKV) ) =FFIKsRKYV ) RIFIKVV I I4FSIKYY I+
ZFOIKVVJL1I=-XCIKI#Z 1 (K JL)-XMIK ] *CMEGA{K) #R2%L (K yJL}
ASFEIK L I#FSSTI«FE(RL2IFSST2
DO4K=1,NMODE
23(KsJ1)=0.0
DO4K 121, NMODE
23K JI)TXMCIK KL #5C (K11 42304 J1)
FAKV eI aXMIKYI#Z3(KV eIl ) =W IKVI-FSIRY»J1)¢FSTUKYI1)
QUEVsJI)TF KV JLI*FS KV JLY
DO6K=142
U3(K4J1170.0
DOEK 123 NMODE
UK J1) U3 K, 1N +23 (K14 J1)#FE(K] 4K
1FILP-1)21420,21

-

o

20 PRINT 104M1

10 FORMATION Mlx,y1%)
PRINTII

11 FORMATI6XBHS5UB CA23)
PRINT 25,K0D

25 FORMAT(9H kD=, 151

PRINT 16

16 FORMAT(6X2HSCy12X2H23}

0017 K=1,NMODE

17 PRINT 1B+¢5CIK)sZ3(K3JI1)
18 FORMAT(IELla.b)

PRINT 12

12 FORMAT(&X2MU3,11x2H F)

101
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209
201
208
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200
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202
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408
208

20%
40a

111
110

-

-

o

30
32

3

@

3

4

3

-

3
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37
31
120
130
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°

«07
304

008
50

&

o
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DO 13 Xels2
PRIRTIBHUIIK,JLIFIKIJIL)
RETURN

T R I TR TR Y

SUBROUTINE 81 *

T a2

TEST WHETHER STROKE VELOCITY HAS CHANGED SIGN
LABEL

FORTRAN

LisT

SUBROUTINE B1

OTMENSION Z(12,2001+2101202001s22(12+2001423(12+200)0Z4(2)0
1UL2+20012U1(2420015U212020039U3129200) s06t2)1420120200)951242001
25112+20015520242001+F12+20710F5(29200)+FD{2+2003eF1(2)40(242001+
3FST12+2001 XL (202001 s THETAI2+2C0) DELTAIZ120015¥1200)eXST(2)aWE3)0
ASMAXI2)9XMI12)9XCE12) 1OMEGAIL2)sFECTI2¢10)01XKTI2) 4NFSL2)9XKS1121s
SXKS2(21eXFS(2020)1D512,2019XOSt21+XADSI21sNGS(2)9XGl2450)+X0SE2)s
6DGI2s50) s XXGS(2) e XAT12) ¢X8(12) o XCAL12) o XKBI12)9SC(12)4PCLI12}s
TPCUL2)oXFCI12912)aXFC2E12912)oXMCI 1251209 XMC2132912) o XMCBL120120
BXMCY1 120121 eXCCE1251209XCE2412012)9XKCE12512)0XKC2012012)+DTI80}y
ONLI501eGLe2)+G5(2) s USTI2IwZST(2)+XMC{12412)

DIMENSION ZIN(IZ}oZYINTL2)DZ2INCLI24Z3INLI21UINC2)oUIINI2)
TUZINE2IoUIINI 21 SIRt2) 9 STINI2)9S2INI2)+FINI21oZOINIZ)FSING2)
2FSTIMIR) pFDINCZYoaXMCLII120121oXMC2ZT124121,XMCITC12412)0
IAMCAT 112012 s XXKTL2)

COMMON Z,321422+234265UpUlaU2sU3 30492015151 2529Q9FsFSeFDaF1oxXLaKIy
JFST)THETASDELTAV s XSToSMAX XMW s XCoOMEGASFELXKT oNF5 o XKST4XKS21XFSs
2051 XDS o XXD5sNGS 9 XGsDG1XGS 9 XXGS5 s XAs XB e XCAXKB, 5CoPCIPCY I XFC,XMCT
IXMC2 o XMC I o XMCh g XCCyXCC2 o XKC o XKCZ4OTaN1 pGL 4GS o MP s LP s LPP (kP sRPP,JP,
WMP1, 1T ,KPL,NMODE JNPT oMM XLAMDAXL1 11 XL12)XL21+XL224NFS1eNFS2s
BNFSL] yNF521 3 NGS1 +NGS2sNGS11eNGS21 sNT A KK KKK »MeM] 4K Z4KZZ s Jr sk Ve
BRYV KX KN oKX2Z oI T o la L aNXpdX o XN s Gy XFC24KDsKOD oK 9 KWW 22STHUST XMC s
TZINVZLINGZ2ZINGZ3INSUINGULINGUZINGUBINISINGSLINGS2INSFIAN4ZOIN,
BFSINGFSTINGFOINYXMCL] o X4C21 o XMCIT s XMCLT pXXKT4FSSTL4FSST2

IF(LP-1)208+209,208

PRINT 201

FORMAT (6x6H5U8 B1)

TF(ULI1)-24(11)20019410
TF(USI21-24(2))%0,2005202
1F(LP=-11207,206,207

PRINT 203+M1

FORMAT(9H ML=,15)
PRINT

FORMAT{6XSHEXIT)

6070100

Z1(2,31)2Uk12401)

FDI(24J11=0400
IF(LP=1)1406+40%,404

PRINT 204
FORMATI6X3MZ 12, 10X3HU12)
PRINT 2055Z112)J114Ul124J1)
FORMAT(3EL4,6)

Kva?Z

xvvel

kD=1

CALL CA23

Kx=2

IF(FIXXpJ11-F1(KX)3120s110:1l0
FRXsJ1I=FLIKX)

DOlKel42
O(KsIL)aFSIKsJ1I*F iRy JIISFDIK,IL)
ZMKyJII S IMIKYSGIRy J1I=FSTIK»J1) 3/ XMIK])
DO3C =3, NMODE
SCIR)m=XLI1sJ1I#FE(Ks3)~XLI2sJ1I#FEIKsa)
1-FE(Ry 119G (1yd11-FE{K+212Q124J1)
2¢FEIKp1I%FSST1eFEIK,2)#FS5T2
3-XCUIKIOZLIKp L) ~XMIK)*OMEGA (K} R2R2 (K3 J))
DO 5 x=3,NMODE

Z3CK,JL12SCIKY/XMIK)

008K =1,2

U3K)J11=0.0

D06 K 1=3,NMODE
U3IKsJ112U3 K s JIISZHKLsJLIRFELK]K)
IFILP-1131+30431

PRINT 32,1
FORMAT (94
PRINT 33
FORMAT[6X6HS5UB X8 1

PRINT 34

FORMAT (6X2HZ 3)

DO 3% K=1sNMODE

PRINT 205+23(KsJ1)

PRINT 38

FORMAT (6X2HF 411X2HU3}
DO3Kels2

PRINT 2054F(KsJ1)sU3(Kedl)
GOT0100
TF(FIKXed})+F1IKX})13051004100
FIKXyJl)==F1IRX)

GoToa

Z1(1s21)502(1500)

FOUledl) =040
IF(LP-1)14064407,606

PRINT 304
FORMAT(6X3M211410X3M011)
PRINT 205,2111sJ11sUlt14J1)
1F(UL(2)=24(2)160+50+50

Ml=,]51

CALL CA23
Kx=1

6010111

2112501120212, J1)

FDI24 4112040
1F(LP=1)408+409:408

PRINT 204

PRINT 20842112,J41)UL{24J1)
CALL €AY

CALL XA3

RETURN

end

102
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-

SUBROUTIME B23 +
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.
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823

TESY wHETHER STROKE VELOCITY HAS CHANGED SIGN
LASEL

FORTRAN

L8y

SUBROUTINE B23
OIMENSION 2(12:2001+2111242003022¢124200)423112+200)024(23,
LU(2,20014U1(2420C)+U212+2001U3(24200)4Un121520§2+2001:5(2+20014
2510242001+52(242001sF12520C19F5(202001+FD(2+2001+F1121,Q124200)¢
!EsY(I:ZOO!:lL(Z-IOO)nYNETl(Z.200)-0€LVA(Z.200|nV(ZOO)-XSV‘Il-'l!I.
ABMAXLZ) o XMEL121XCIL2) eOMEGAIL2)oFET125101 0 XKT (2} oNFS(2)eAKS11210
SXKS2(2) sXFS{2,2019D5( 29200 +XDSI21 s XXDS(2)eNGSL2Z) 4XGI2450) 4XHSI2) s
BDGIZ250) s XXGS 12y v XALL2) o XBI12) s XCAIL21 +XKB(12)95CI12)4PCIL12Ey
TPCIL21pXFCUL20321oXFC2(1200210¢XMCEI1201021eXMC2012432)40MCIE120i2)
OXMCA{ 126321 oXCCI1241214XCC2012012) wXKC(12012)¢XRC2E124121DT (500
N1 1501 ¢GL(214GS(21oUSTI21+ZSTI2)»XMCIL2432)

DIMENSION ZINCIZ)o2LINI12)0Z2INI12)oZ3INIT12)0UINI2)JUTINIZ)
TUZING2oUIINT2)oSINI2) o SLINIZ21oS2INZY o FINIZ)220INIZYIFSINIDY
2FSTIN(2)oFDINIZ) ¢ XMCITE12902) oXMCZTL12412)4XMC3TT1201200
IXMCAI (1253210 MAKTE2Y

COMMON 2o21¢22+23+260UsULeU23U300es20+5151952+0:FsFSeFDeFlaXLeKJe
IFSToTHETASDELTA SV eXST o SMAX s XA WaXCsOMEGA S FEs XKT s NFS9XKSL s XK524XFS s
2DS 2 XDS e XXDSoNGS s XG4 DG s XGS s XXGS o KA NB o NCASXKBySCoPLIPCLaXFCoXMCL
3XMC2 4 XMCY 3 XMCh g XCE ¢ XCC21XRCIXKCZ2DTaN1 4Gl G5 MPHLPLPP &P W KPP, P,
QNP1 1TLoKPLyNMODE NPT oMM, XLAMDA o XL1) oML 124 XL 21 9XL225NFS1NFS2s
SNFSL] oNFS21sNGS] oNGS2aNGSL1 oNGS2Z T sNT ¢ KK ¢KKKsMIML oK 4 KIZ v s S1eKV e
ORVV oKX sKX1 9 KXZoIT eIl [ oNKoSX o JNX3GoXFC24KD4RDD o KW oKW o2 ST sUSTXMC
TLINSZIINGZ2IN 23 TN2UINGULINGUZIRGUIINGSINGSLINGS2ZINVFINGZOIN.
OFSINGFSTINGFDINIXMCLT o XMC21 9 XMC3 ) 4 XMCH ] XXKTFSSTLWFS5T2

KxleKxl

Kx2aKx2

TF(LP=1)208,209%.208

209 PRINT 201

20

22
20

1
40

40
11
11

1 FORMAT(6XTHSUB 823)
PRINT 2204%DD
O FORMATION KDD=» {5}
8 1F(UstXX1)1-ZGIKX11120010010
0 IF(KX1-11400+400+401
0 kx=2
GOT0111
1 Xx=1
1 IFtF{KXeJ11-FLIXX131204110,110
0 FIKKsJLISFLIKX}Y
8 00lK=1,2
O(KyJ1)I2FSIKsILIeF (R I1I+FDIKS I}
3R JLIEIMIK) $Q(Ka 1) =FSTIKe 1} )/ AMIK)
DO3K=3,NMODE
SCIK)#=XLILy il )RFELKe3I-XL(20U1I#FE(KSS)
1-FE(Ko119Q(1sJ1}-FE(Ky2)®Q(2+J1}
2-XCIK19Z10KoJ1 ) - NM{K)SOMEGAIK )} #2222 (K\J1}
B+FEIK,1IPFSSTIaFE(K,218FSST2
DOSK =3 yNMODE
231K, J1)=SCLKY /XMIKY
DO6K=1y2
UB(KsJl12040 -
DO6 K1=34NMODE
U3 HKeJ11mUI(R I I423 1K1 J1I#FELRL WK

- e

-

o

TF(LP=-1131430.31

30 PRINT 32.M]

32 FORMAT{9%

3

Ml=y15)
PRINT 33

3 FORMAT{6X6HSUB x8)
PRINT 34

4 FORMAT (BX2MZ 3]
00 3% Xu]yNMODE

S PRINT 20%:231KyJ41)
PRINT 3¢

6 FORMATIEX2HF +11X2HU3)D
D0O37K =142

T PRINT 205+F{KyiJdLl1sU3KsI1)

205 FORMATI3El4,.81

3

1 GOTO100

120 IF(FIKXsJ114FLIKX)11304+100.,100
130 FIKXyJlta=F1IKX)

50708

20 Z1IKXLleJl}mul(KXlsJl)

FDIRX1si1)»0.0
IFILP-1122,21022

21 IFIRX1-1123.23424
23 PRINT 304
306 FORMATIGXINZ11410X3MULLY

PRINT 20%¢Z1¢1sd1)sUlILlod1}
GOTO 22

26 PRINT 305
30% FORMAT(6XIHZ12,10X3MUl2}

PRINT 2C9+Z1(2+21)401125J1)

22 IFIF(KX241)-F1(KX21140470470
70 FIKX2eJ112FLIKX2)

Ta 1FIKX2-137171472

T1 Kve2

K¥¥wel
kD=1

ALL CA23
Xe2
6070111

T2 xy=]

KV¥Va2
KD=2
CALL (A2}

73 Kx=1

GOTO11}

40 [F(F(KKZsJ1)+F1{KK2) 150460460
S0 FIKX2sJ1)1a-FL{KX2}

GOTO74
CALL CA}
CALL NA3

o

100 RETURN

END

+

SUBROUT INE XA3 .

seen

TEST WHETHER COULOMB FRICTION FORCE MAS EXCEEDED ITS LIMITING VALUE



CXAY

-

-

30
2

3
3

70
a0

60
140
90

100
101
99

102

110

120
130

400
403
#01
402

200

SUBROUTINE XA)

DIMENSION 241252003:21112+20014221124200)423112+200)224121,
lU(Z-lOOI-U](I.lGOIrUZlZ-ZOO)-U!(I.ZOO)|Ub(2bnlOlZ-ZOOIpSI?-ZOG)v
25112,200)+82(2+20011F(292001+F5(24200) «FDi2+2007+F1(21:CG1222001)s
3FST12+200)9X0L12+200)» THETA(2+200)sDELTAIZ¢2001 V{2001 1XST(21ow (3]s
ASMAXII) e XME12) oXCH12))UMEGATL2)2FEIL2020) 4 XKT(2) 4 NFST2)eXKSL{2)s
SXKS2(21oMFS(2020)eD812520) 1XDSI21oXXOS(2)oMG5(2) 1XG{2+80) sXGSL2]»
O0GI20503 9 XXG5(2) 9 XA(12) s XBI12)2XCAI12) oXKB(12198C(12)9PCAI12)
TPClIZl.lFCIllnll)chCJI]2-12!.XNClI12112).‘”(2(11-)1)-!“(3(llnl?ln
.lICtllZ-IZ).XCCI)l-)Z)-XCC!l12.121bllcll?.ll)-llcll11-12)-07(90]:,
INLISO)IsGLI239GS12)0USTIZ)sZST(2)sXMCI12512)

DIMENSION ZINIL12)oZ1INC12) sZ2INI12)92Z3INI12)sINI234ULIN(Z)
TUZINI2)0UBINI2)aSING2) e S1INI2)sS2ZINI2IsFINI2) »ZOINI21sFSINIZ),
AFSTINI2)sFOINIZ) o XMCLIN1241219XMC2111220121,XMCIT(1241200
IXMCO1112412)9XXKT12)

COMMON 2+21+22¢235ZAUsUL0sU2+U341U4120¢50811520C1FsFSaFDrFloXl oKds
IFSTATHETASDELTA Vi XST 1 SMAX S XMoW s XC o OMEGA S FE o XKT sNFS 3 XKS ] 1 XKS2 o XF5 s
2084 XDS ¥ XXDS4NGS ¢ XG DG aXGS o XXGS 1 XA+ XBoXCAIXKBSCIPCIPCL s XFCoXMCLo
IAMC2 4 XMCI o XMCh s XCCHXCC2 1 XRCHRKC200T sN1 1G] oGS sMPSLPLPP Y KP ,KOP , 1Py
AMP1oIT14KP1sNMODE sNPT yNM o XCAMDA 9 XL11 o XL 129 XL 219 XL221NFSTINFS2 s
INFSL1oNFS21WNGS1 1RGS2 aNGS1LaNGS21eNT oKK KKK sMsM1 1 KZ3KZZsdsdlsKY s
GEVY oK s KXo KXo IT oIl s 1aNX o X0 KX 9GoXFC20KO s KDD KW s KWW Z ST 1UST 1 XMC v
TLINGZITNGZZINGZIINSULNSULINGUZINGUIINGSINGSIINISZINIFINIZOING
BFSINVFSTINGFDINGXMCLI s XMC2 1 o XMCI 1 2 XMCHT o XXKT 4 FSST1,HS5T2

PRINT 300

FORMATI6XTHSUS XxAY)

IFEF(1sJ11=F111}3180+10410

IFCF{2:J11-FLL21170420020

0021 K=142

FiKod1rof1(K)

DOlkel,2

QIKyJLImFS (Ko JL)oF(KeJ1I+FDIR,JL)

LI JLIu(WIK) QK3 JII=FSTIKIJLI I/ XMIK)

<1319 NMODE

SCIK)a=XLA1yJ1I®FE(K,3 ) =XL{I21J11OFE(Kob)
1-FEIK118Q( 14211 -FE(K32)20{2+J]1)
2-XCIKI®ZLIKy JL)=XM{K) ROMEGAIK | #®2€Z (K, 1}

I+FEIR s 1I9FSSTIOFEIK,2)#FSST2

DOSKe3,NHODE

LI J1)IOSCIK)ZXMIK)

DO8Km]2

U3(KeJ1)e0.0

0086 K 1=3,NMODE .

UK J11mUB IR J1 )42 3IKLed1}RFE(K]IR)

1F(LP=1)31,30,31

PRINT 324M1

FOAMAT {94

PRINT 33

FOAMAT L& XEHSUB. X8

PRINT 3&

FORMAT (4X2HZ 3}

DO 33 K=1sNMODE

LILER ]

PRINT 205)Z3(KyJ)}

PRINT 28

FORMAT (6X2HF ,11X2HUd}
0O37K=1,2

PRINT 20%+FIK,J1)eU3(KeJ1)
6070200

IFLFL2sJ114F1(21140+30480
FilodlyesFltly
Fl2sJlie=-F11t2)

60708

Filadli=FL1)

GorTos
TFUFE1aJ114F101)1140,80,80
1F(F(2,J11-F1(2))100,90,90
Filadlim~Fltl)
F(2o0118F)02)

GQTO8
IFiFI2,411+F1(21)1014102,102
DO9IK=1,2

FiKsJl)e-Fl(K)

GOT08

Ftladlta=Fl(ly

GOTO8
TF(F12,J1¥=F1(2)1120110+110
FL2sJ11=F112)

GOTO8
TF(F{24J114F11211130+400:400
Fi2.011=~F112}

GOTes

IFLLP=1)200:803,200
PRINT 4014M1

FOAMAT (9M Mins]%)
PRINT 402

FORMAT (&X4HEXIT)
FORMAT(3Fl&.8)
RETUAMN

END

. PROGRAM NAME-PLOTXY 13

S ERRBRNBRERRANPACRCORNENRNRNGRES

[ THE PROGRAM PLOTXY PLOTS DISPLACEMENT +VELOCITY ACCELERATION OF
C THE ALRPLANE INCLUDING THOSE AT THE PILOT LOCATION

. LABEL

* FORTRAN

- LIS

CPLOTNY

OIMENSION N1(501+DTIS01sMNIL3Isviinectulsviloravbleviotstiog s
lYllIS(b)-NYAKlS(bIIPHDDEIl!l-NOD(ILS)-AI)’-kAlDI.AquL|ll)u
2LABLI13)4FE(1%)3VPPI200)»UPP 120015 tGIL50) s IR}

EQUIVALENCE{NYAXISsYAXISE s (NALA) ) (MODE ¢PMOUL ) ¢ t ALABL s LANL )

101 FORMAT(1248)

99 FORMATIBFl4.b)

100 FORMAT(1814}

195 FORMAT(FbuleFbed)
4 READ IN DATa
READ 100, (10
LlleGQ
REWIND &
REWIND 7
REWIND 1
READ TAPE 7,NCyNCCoJPuMPL4NT 4+ NMODE
READ TAPE 7, (IN1IK}sKulyNT)
READ TAPE T4iDTIKIsKai,NT)
PRINT 200:NC
200 FORMAT{TH RUNWAY, 15}

PRINT 2014NCC

201 FOAMAT(9M ATRPLANE15)
PRINT 2229JPMP1(NT o NHODE
FORMAT(1Q17T)
XMPlaMP]
READ 10Q+KsK1sLPsLPPiLLILGIKT?
PRINT 100sK)K1sLlPsLPPeLLsLGIKT
READ 99+ IFEINK)»NK=14NMODE ),
PRINT 99, {FE(NK) ) NKal,NMODE )
READ 99, YMAXsXSCALE
YMINe-YMAX
SCALESYMAX/S40
PRINT $9,YMAX ) XSCALE »SCALE
WRITE OUTPUT TAPE 1,195+5CALEXSCALE
REWIND 1
READ INPUT TAPE 1,101+8(5)4C15)
REWIND 1
PRINT 101+8(5)4C(3)
Bi1)=gM(4aMSC
Bi21wgHALE ¥
Bty 1IN
Bi4)mEHCH -
B{6)nb6HINCHES
B(TI=TH x
8(8)m0N
¥YSCe3H/ SEC
CL1lrmBHEI2HSC
CeZysBHALE X
CtIrebH 1IN
ClarmgHCH =
C(6)mEHSECOND
YAXIS(1)a6HDISPLA

10

-

~
~
~

YAXIS(2}a8HCEMENT
YAXIS(3)s6HVELOCT
YAXISI&)m2HTY
YAX1ISI5)®6HACCELE
YAXIS(8)=6HRATION
< SPECIFY WHICH CURVE(OR CURVES) [S YO BE PLOTTED
READ 101+ {ALABLIII»[=2,13)
PHINT 101+ (ALABL{I)s102,18)
ALABL(1)uam( TaM
DO21el1s542
TFINYAXISUII-LABLIZ1120352
CONTINUE
TFE1-3191.52,53
52 BiT)aYsSC
607081
53 B(7)=vSC
8(8)1myYSC
COMTINUE
Ta0.0
KGu}
KKGaO
NGaN1(1)+)
NKGe]
XNKG=NKG
43 IFIMP1=-NG) 614161462
61 YaDT(KG)#(XMP1-XNKG)+T
GOTO 81
XN1aN1IKG)
TeDTIKG)®XNL+T
KGaKG+]1
KKGaKKG+1
NGENG+M1{KG)
NKGONKGHN1(KKG |
XMKGRNKG
GOTO 63
X€E=T/XSCALE
XMeXEed 0
CALL GRAPH(XM410404040)
CALL FRAME{1.04}s0)
CALL YLNIG.Csl0a0s4,010e9)
CALL XLN{&,0sXM)5,00140)
CALL LTR{0,25,2400 sALABL)
CALL LTRI0.592,0+1019C)
CALL LTR{0.759240010148)
PMODE (1) s BHNODE
PMODE12) »SHMODE
PMODE {3 ) »6HMODE
PMODE {4) s 6HMODE
PMODE (3)28HMODE
PMODE (61 #6HMODE
PMOQE { 7) = $HMODE
PMODE ( 8) *6HMOOE
PMODE (91 « 6HMODE
PMODE (10) «4HMODE 1D
PHODE(L} ) =6HMODELL
PHMODE (12) »86HMODEL 2
PMODE(13)«6HMODEL S
PMODE{14)=8HMODE L4
PMODEL15)»8HMODELY

wn

s

L3

-

CB IR PP UN—
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ACLl)e3H{OH 30 LlisLllel

1£(KT16011600,601 TFiL11-L10)700,701+70C
601 DO 3 Jel.K 700 REWIND 7
SPECIFY WMICH CURVE(OR CURVES) IS TO BE PLOTTED END FILE &
READ 101sA12)0AL3} END FILE &
PRINT 101¢A(2)4A1D) GOTC 703
00 6 Jimlsls 701 CALL NDPLOT
1F(MODE (J11=NAL2118s746 END FILE &
& CONTINUE END FILE &
LCCTIE NG CALL REWUNLIS)
Aded CALL REWUNL(?)
XBED4T540429%AJ CALL FXIT
CALL LYRIXB3340sloler) END

CALL CURVE{J)1105000400XB104031040121
DO 8 J221.10
AJ2e02
Ye6.0¢1AJ2-1.01%0,1
CALL PLOTPTIXB,Y}
CONTINUE
CONY INUE
800 Kxxel
KXe0
NSeMP]
1220p
Ti2-DTH 1)
Kyal
KZaN1(1)+1
TK{1120.0
14 N2eNS
NSENS-12
TFINS11641641%
15 N2=12
16 IFL1-3117118419
READ IN RESPONSE OF THE AJRPLANE FROM TAPF
17 READ TAPE 750 {U(Jel)slx1sNZ)sdxl o NMODE )
READ TAPE 7,GARB
READ TAPE T,GARS
READ TAPE T,GARS
READ TAPF 7,GARB
GOT0 20
18 READ TAPE T,GARH
READ TAPE 74((U(JslrablwlsN2)s =] sNMODE
READ TAPE 7,GARE
READ TAPE 74GARB
AEAD TAPF T.GARS
601020
19 READ TAPE 7,GARB
READ TAPE 7,GARB
READ TAPE To{{U{JsL1sLa1sN2)y =] NMODE}
AEAD TAPE T, ({V¥lJoL}olulsN2) s J=1sNMODE }
READ TAPE 7,GARS
20 CONTINUE
IF(LP-116D1664,40
COMPUTE DISPLACEMENT,VELOCITY AND ACCELERATION AT PILOT LOCATION
54 DO 30C J=1,4N2
UPP{J1=0.0
VPP( 12040
DO 301 KM=3,NMODE
UM S) UMy J1#FE (KM)
TF(1-3)302+301+140

o

14C VIKMyJ)mVIKM, JI#FE(KM)
VPP () eV KMy J) VPP ()
301 UPP{J)=UIKM,J)+UPP ()
300 CONTINUE
IFELL~11601950160
550 DO 551 J=leN2
PRINT 5524 CUIKMyd) yKMa3,NMODE |
552 FORMAT(BE14.6)
$51 PRINT 852,UPP(J}
PRINT 583
%53 FORMAT{1+1)
1F(1-3)160:60:570
S70 DO 854 JelsN2
PRINT 5325 {VIKM)J) KM= 3 NMODE)
554 PRINT 552:VPPIJ}
PRINT 553
PLOT CURVES
&0 DO 3B T1=1,k1
18=11
CALL CURVE!18+LGs0s0r=4a0sXE1=5.0+5.0411
L=MN{11)
D0 37 Jsl.N2
Mu el 2WKX
IF(M=K2140,40,61
41 KysKYsl
KZaKZ+N1IRY)
T1=DT(KY)4T]
X=T1/XSCALE
1F(LP=-11360,361,360
361 IFI11-K1)362,363,362
362 CALL PLOTPTIX,UlL»J)/SCALE)
1FI11-3)3743743063
343 TFIUILe N -VIL s J) 13420374382
342 CALL PLOTPTUX,VILsJ)/SCALE)
GoTo 37
363 [FILPP-1)362+365+362
365 CALL PLOTPTIXWUPP(J}/SCALE)
TFLI=3137437,344
346 IFIUPP(J)=VPP(J))345,37,345
365 CALL PLOTPT(X,VPP({J)/SCALE}
GOTO 37
360 CALL PLOTPT(X,UfLsJ)/SCALE)
IFEI=3137437,.43
43 1FIUILsJI=VILyJ)1162,37442
42 CALL PLOTPT(XaVILsJI/SCALEY
37 CONTINUE
IFI11-K13660+38,660
660 IFIKXX~11652,653,6%2
633 TGIKXX}I®TL=-TK(KXX)
T1sT1-TGIKXX})=DT{KY)
GOTO 34
832 TRIKXX)aTGIKXX-1)+TKIKXX-1)
TGIKXX) o T1=TK(KXX)
T1eT)=TGIKXX)=DT(KY)
38 CONTINUE
KXK=K XX#1
KXzKX+1
IFINS1304+30+29
29 GOTO14

4

o
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. PROGRAM NAME-PLOTF .

THE PROGRAM PLOTF PLOTS THE TIRE FORCES OF THE AIRPLANE
FORTRAN
LABEL

en

Nnee

L
PLOTF
DIMENSION NllSO)vDY(!O)-l(BI-C(GI-NNIZ)-TGI150)-'(1150!-’5(2]-
1FSTI2:200) 0 YAXIS (8 oNYAXIS(E) s PFORCEI 21, MFORCE 121 0A (31 oNA 1))
2ALABLE13)wLABLILS)
EOUIVALEN(E(NYA}IS-VAXISI-(NA-A)-(MFORCE.PFORCEIu(ALABLnLABL)
101 FORMAT(1246)
100 FORMAT(1574)
99 FORMAT(5F14,4)
REWIND &
REWIND 1
REWIND 7
< READ IN DATA
READ 100, L1O
Lil=0
T03 READ TAPE ToMCoNCC o JP oMP L NT yNMODE
READ TAPE T,(NL(K])¢K=1,NT)
READ TAPE 7,{DTIK}4Kul(NT)
PRINT 2004NC
200 FORMAT{TH RUNWAY, |5}
PRINT 201sMCC
201 FORMAT(9% AIRPLANE, %)
PRINT 2220vJPoMP14NT . NMOOE
222 FORMATI10IT)
XMP 1 wMP |
READ 100sK14KsLG
PRINT 100+K1 4K LG
READ 994 (F5i1)4la142)
PRINT 99, (FS(l}rInls2)
READ 99, YMAXyXSCALE
YMIN®-YMAX
SCALE=YMAX/3,0
PRINT 99,YMAX ¢ XSCALE »SCALE
WRITE OUTPUT TAPE 14195, SCALE 4 X5CALE
REWIND 1
READ INPUT TAPE 1,1014815),Ci8)
REWIND 1
199 FORMAT(F8.05F6.h)
PRINT 101+8(5)4C(8)
BllebHI4anSC
BI21=6NALE ¥
8(3)sbH 1 IN
Ble)mgHCH =
8(6) 26HPOUNDS
Bi71a7M x
B(8)a0n .
CLlis6H(32HSC
Cl2)%8HALE x
Ct31m6H 1IN
Cle)mbHCH =
C{6)a6HSECOND
READ 1015 (ALABLITI»In2,413)
PRINT 101, (ALABLITI, 182,13}
ALABL(11a4H( Tat

Teu,0
KGel
KKGmO
NGEN1{1)+]
NKGa)
XNKGaNKG
53 IFIMPLI-NG16),61,82
61 TeDT(KGI®(XMPL-XNKG)+T
G070 81
62 XN1=NL1I(KG)
TeDT(KGI#XNL+T
KGuKG+]
KKGRKKG 1
NGeNG+N1(KG)
NKGaNKGoN](KKG)
XNLGaNKG
GOTC &3
XE»T /XSCALE
XMeXE+4,0
CALL GRAPH{XM,10,040,0)
CALL FRAME(14041,0)
CALL YULN(0.0+1040+4,020409
CALL XLN(4,04XMy5,0,1,0)
CALL LTRIG.25+200+141¢ALABL}
CALL LTR{(0+5:24,041414C)
CALL LTRIO.T5+12.ColsleB)
PFORCE(1)»6HMAIN
PFORCE(2)26HNOSE
All}e3H(SH
4 SPECIFY WHICH CURVE (OR CURVES) 1S 10 BE PLOTTED
D03 Jel,x
READ 1014A12),A13)
PRINT 101+A0214A13)
DG & Jials2
IFIMFORCE(J1)=RAI2) 16576
CONTINUE
MR(J)ed]
YIN)
XB20, 75402594
CALL LTRIXB43,0)1,1,A)
CALL (UlVElJﬂl-0:000-0-!0.0.0-10-0-2]
00 8 JZslsl0
AJ2eJ2
Yeb 0+tAJ2=1,0)00,1
CALL PLOTPT(XB,Y)
CONTINUE
CONTINUE
KXXa]
KxaQ
NSaMp]l
t2eup
Tle=pT(1)
KYel

~o

e

KZeNltliel
TK{1140,0
18 M2aNS
NSeNS~12
IF(NSI18416418
18 M2s12

]

“0

660
653

3

29
30

701

READ IN TIRE FORCE RESPONSE FROM TAPE
READ TAPE 7,GARB
READ TAPE 7,GARS

READ TAPE 7,GARS

READ TAPE 7.,GARB

READ TAPE Tol{FSTIJoLIsLul N21ounled)
PLOT TIRE FORCE{OR FORCES)
DO 38 llal.x1

18=11

CALL CURVEIIG.LG-0.0.-‘-O-lE--ScOcS.O-ll
LeMNt]11)

DO 37 Jul4N2

MaJel2eKx

TFIM-K2)40+40s61

KyeKysl

KZwKZSNIIKY)

T1sDT(KYI4TY

X=T1/XSCALE
FFeFSTIL,J)-FS(L)

CALL PLOTPT(X,FF/SCALE )
CONTINUE
TF11-K118660438,660
IF(RXX-11652,653,6%2
TOIRXXT=T1~TK (KxX)
T1aT1-TGIRXX)-DT (XY}

GOTO 38

TROKXX ) wTGIKXX=1 1 #TK(KXX=1}
TGOKXX)aTI-TK(RXX}
TLaT1-T5(KXX)=DTtKY}
CONT[NUE

KXXaKXX4]

KX=KX+1

I1FINS)I30430429

GOTO1s

LilmLl)e
1FILL1-L101700,7D14+700
REWIND 7

END FILE &

END FILE 6

GOTO 703

CALL NOPLOT

END FILE &

END FILE &

CALL REWUNLIS)

CALL REWUNLIT)

CALL EXIT

END
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PROGRAM NAME-STAT d 3

"

TME PROGRAM STAT COMPUTES THE PEAK) MEAN AND MEANSQUARE OF TME

RESPONSE OF THE AIRPLANE 3
FORTRAN

LABEL 202
sy

Nnesenn
-

STAY
DIMENSION AT3,1242001:8(9,2001,C(2+200)+AMI3+12) ¢AME(3402)0
lANS'!leIv!ﬂl!)v!ﬂ!())v!ﬂsl!loDG())-Nl()l-BHAX!!).COUNYU‘!'SOOOI- 5
ZC“(ZI-CﬂEll)v(lS(l)-D((llrNClZ)-CNA!(})-COUN‘CII-!OOO)"(l)Zl-
SN1(S0)»DTIS03.CSTE2)
< READ [M DATA
READ TAPE 8, MCyNCCyJPMP1L,NT, NMODE
READ TAPE 3,(NL(I)s1=1,RT) 51
READ TAPE 3,4(OTtI1:1alsNT} 20%
READ 14 LP 3
READ 2 (FE(1)41a} NMODE)
FORMAT(1CGI10) 38
FORMAT(SF14.6) 37
XMP1laMp)
READ 2+(C5T(R)eKe1r2) 3
READ 29 (BMAXIK) K=1,3}
READ 2+ (CMAX{K)eKol)s2} 3
READ 2+{DB(K).Xn1s3)
READ 24(DCIK)4KR142) »
DO 101 K=1,3
101 MB(K)={BMAX(K)/DBIK)I+]1a .
DO 102 K=1,2
102 MC(K )=t CMAKIK ) 7DCIK]} 141, “2
INITTALIZATION
DO 7 Kuled
0

-]

~-
>

- o =

L)

-

.
BMS (X 20,0
00 6 1e1,NMODE &
AMIKsT}=040
AME(K 11200
AMS LN, [ 1=0.0 0
MBKaMBIK}
DO 7 KQsl,MBK
COUNTBIK,KG120.0 .
DO 12 K=ls2
CM{K) 0,0
CMEIK)=0.0 3
CMS(K)=0.0
MCKeMC (K )
D0 12 KO=1,%K
12 COUNTC(KKO)=0,0 204
4 READ IN RESPONSE OF A[RPLANE FROM TAPE 60
NSaMP) )
12e4P
1A N2eNS
NSeNS~12 61
[FINS)16418415 62
153 N2=12 63
16 READ TAPE 3,1 1AILsladtaJml N2 4101 ,NMODED
Y READ TAPE 5,(1A12s1+0)4J014N2) 4151 4NMODE) 6

- o
o - »

3

~

>

READ TAPE 35,GARB
READ TAPE Se((A(341+J)sJu1sN2}s10] NMODE}
READ TAPE 3. ((CtKeJ)sJmlsN2}oKols2)
DO 400 Kel,2 63
00 40Q J=l,N2 208
400 CiKoJd}mCIKpI3=CSTIK]
4 COMPUTE PEAK sMEAN AND MEANSQUARE OF RESPONSE

AME (K o] )mA(K T4 J)+AHEIK o)
AMS [ 1RA(K 1o | BO24AMSE(K, 1)
AM(KpT)sMAXIF{ABSF (A(KslsJ) ) s AMIK, 11}
DO 9 K»le3
DO 9 J=1eN2
B(KyJ)=0eD
00 9 1=3,NMODE
B(KsJImBIKJI+AIKs s JISFELT)
00 10 Ks1.3
DO 10 JeleN2
BME(K ) »BME{K)+BIKsJ)
BUMSIK)wBMS [K)+B(KsJ) 042
30 BMIK]«MAXLF{ASBSF(B{NJ]) eBMIK))
00 11 K=l,2
0O 11 Jul.N2
CME (K }aCME(KI+CIKsJ}
CHMS (K)uCHS (K IeCIR s J) 082
11 CHIK)sMAXIF (ABSF (CIKpJ) ) sCMIKY)
1FILP~-1)200,201,201
200 DO 123 JmleN2
00 121 Kelsd
121 BIKsJIeB(K;JI+BMAXIK)}/ 2.0
123 CONTIMUE
0O 129 Kmly3
MBKeMB (K )
DO 129 JUs1eNZ
DO 127 KQ=]sMBK
XKQ=kQ
IF(BIKsJ)-XKQROB(K))12D+120+127
127 CONTINUE
128 COUNTBIKXQIoCOUNTB(K KT Iel,
129 CONTIMUE
00 132 Kele2
MCKeMCIK}

3

o

DO 132 JwlsM2
DO 130 KQ@=]MCK
AKQ=KQ
IFCCIRsSE=XKO#DC(K) 133151310130
130 CONTINUE
131 COUNTCIK)KQ)eCOUNTC (Ko RQI 414
132 CONTIMUE
201 PRINT 1,NS
IFINS)30Qe30429
29 GOTO 1A
[4 PRINT OUT RESULY OF COMPUTATION
30 0O 3] Kelsd
DO 31 1s1.NMODE
AME (Ko 1)8AME (K 41} 7XMPL
31 AMS(Ko])sAMS{Ks1)/XMP1
DD 32 K=143

BME(X }eBMELK ) /XMPY

BMS (K 1 =BMS LK} /XMNPY

00 33 Kele2
CME(K ) oCHMELK ) 7 XME L

CMS (K }mCHSIK) 7 XMPY
1FILP=-11202,207,20%

00 %0 Kel4d

MBK M8 (K}

XB=XMPLODA(K )

DO 50 KQual,M8K

COUNTBIKoKQ) =COUNTBIKIKQ) /X8
00 51 Ksle2

MCK=MCiK)

XCaNMPIRDCEK)

DO 51 KO=14MCK

COUNTC UK +KO ) s COUNTCIK oKQ) /XC
PRINT 35

FORMAT(IX2HAM}

DO 38 K=1:3

PRINT 37,1AM(Ksi}s121 +NMODE}
FORMAT{10E11.44)

PRINT 38

FORMAT{ IXIHAME )

DO 39 Kul.3

PRINT 37,C(AME{K,1),1a1,NMODED
PRINT 40

FORMAT( 3XIHAMS )

DO 41 Kal,3

PRINT 37,({AMS(K41)412]1,NMODE)
PRINT &2

FORMAT( 3X2HBM)

PRINT 37,(BM(K}sx=143]

PRINT &3

FORMAT(IN3HBME)

PAINT 37, (BME(K) +Kn]s3)
PRINT &4

FORMAT (3X3HOMS )

PRINT 37,(B8MS(K)sKal,y3)
PRINT 453

FORMAT( IX2NCH}

PRINT 3T,(CMIK) Kale2),
PRINY &6

FORMAT { 3XIMCME )

PRINT 37, ICME(K) sK=1421
PRINT &7

FORMAT [ X IHCNS }

PRINT 37, (CMS5(K)1K=1s2]

CALL REWUNL(3)
1FILP=-1)204,205+20%

PRINT &0

FORMAT ( IX6HCOUNTSB)

DO 61 Kals3

HBK=MB(K)

PRINT 63

PRINT 62, (COUNTBIK KQ] »KQu] MBK)
FORMAT(BE L&, 6)

FORMAT(1IH])

PRINT &4

FORMAT (IXEHCOUNTC )

00 69 Kely2

MCKoMCIK}

PRINT 63

PRINT 62, (COUNTCIK ¢KQ) s KQalsMCRY
CALL EXIY
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APPENDIX 2

Airplane Data

A.  Boeing 707

1. General Arrangement - see Fig. .

2. Inertia Deta

Gross Welght of Airplane W = 324030.0 1bs
Main wl = 4992.0 1vs
Unsprung Mass
Nose Wy = 342.0 1bs.

Airplane Pitch Mament of Inertia about C.G. J = 0.645 x 108 1b-in-s°

3. Modal Frequencies and Generalized Masses

Mode No. Modal Frequencies rd/s Generalized Masses
1b-in-s2
1 7.22 30.780
2 18.00 23.199
3 23.85 58.436
L 31.0 52.987
5 38.8 61.878
6 55.0 16.038

4.  Demping Coefficient of Airfreme A = 0.025

5. Mode Shapes

Mode No. Location on Fuselage
Main Gear Nose Gear Pilot's Compartment
1 -0.122 0.030 0.056
2 0.037 0.089 0.103
3 -0.010 0.298 0.383
L 0.230 -0.560 -0.800
5 -0.168 0.040 0.080
6 -0.065 0.083 0.160

6. Landing Gear Data

Main k., = 96500.0 1bs/in.

a) Tire Stiffness
Nose k., = 13500.0 1lbs/in.
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Main Fj'_ 1000.0 1bs.

b) Limiting Coulomb Friction Force

Nose F. = 600.0 1bs.

2

¢) Nonlineer Spring Forces - see Fig. 5.
d) Oleo Demping Coefficients - see Fig. 6.
B. Boeing 733-0b
1. General Arrangement - see Fig. T

2. Inertia Data

Gross Weight of Airplane W = 389000.0 1bs.
Main Wl = 4650.0 lbs.
Unsprung Mass
Nose Wy = 460.0 1lbs.

Airplane Pitching Moment of Inertia gbout C.G. J = 0.23 x 109 1b-1n-s2

3. Modal Frequencies and Generalized Masses

Mode No. Modal Frequencies rd/s Generalized Masses
1b-in-s2
1 11.90 41.15
2 13.11 30 60
3 23.93 28.17
L 28.37 k2.75
5 33.13 ) 28.86
6 36.51 31.95

L. Demping Coefficient of Airfreme A = 0.025

5. Mode Shapes

Mode KNo. Location on Fuselage
Mein Gear Nose Gear Pilot's Compartment
1 -0.130 0.122 0.204
2 -0.088 0.485 0.760
3 ~0.008 0.043 0.100
4 0.020 0.278 0.651
5 0.039 0.110 0.330
6 0.162 0.089 0.284
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6. Landing Gear Data
Main K, = 96000.0 1bs/in.
a) Tire Stiffness

Nose Kep = 9600.0 1bs/in.
Main F, = 1000.0 lbs.
b) Limiting Coulomb Friction
Force Nose F) = 600.0 1bs.

c¢) Nonlineer Spring Force - see Fig. 8.

50.0 1b/(1n/s)2

Mein Dl =
d) Oleo Demping Coefficient 5
Nose D, = 4.0 1b/(in/s)

NASA-Langley, 1964 CR-119 109















"The acronautical and space activities of the United States shall be
conducted 50 as to contvibute . . . to the expansion of buman knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof”

—NATIONAL AERONAUTICS AND SPaCE ACT OF 1958

INASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and technical information considered
important, complete, and a lasting contribution to existing knowledge.

TECHNICAL NOTES: Information less broad in scope but neverthceless
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